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DIAGNOSIS OF A NEUROAUTOIMMUNE
DISEASLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit of the European
Application EP18196867.8 filed on Sep. 26, 2018, which 1s
incorporated by reference 1n 1ts entirety.

REFERENCE TO A SEQUENCE LISTING

The present application 1s accompanied by an ASCII text
file as a computer readable form containing the sequence
listing, titled “2019-08-26-SEQ-as-filed,” created on Aug.
16, 2019, 9:27:39 AM, with the file size of 43,269 bytes,
which 1s incorporated by reference 1n 1ts entirety. Applicants
hereby state that the information recorded in computer
readable form 1s i1dentical to the wrtten (on paper or
compact disc) sequence listing.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a method for diagnosing
a disease comprising the step detecting 1n a sample com-
prising antibodies from a patient an autoantibody binding to
DAGLA, an immobilized polypeptide comprising DAGLA
or a variant thereof, a use of a polypeptide comprising
DAGLA or a vanant thereof for the diagnosis of a disease,
an 1solated autoantibody binding to DAGLA, a use of the
autoantibody for the diagnosis of a disease, a method for
1solating an autoantibody binding DAGLA, a pharmaceuti-
cal composition or medical device comprising DAGLA or a
variant thereot, a kit for the diagnosis of a disease compris-
ing said polypeptide or said medical device and a use of said
polypeptide or autoantibody for the manufacture of a kit or
medical device.

Discussion of the Background

Developing diagnostic systems for neurological diseases
1s a continuing challenge 1n biomedical science, not in the
least because many symptoms encountered may be
accounted for by a huge variety of causes including geneti-
cally-inherited diseases, drug abuse, malnutrition, infection,

injury, psychiatric illness, immunological defects and can-
cer.

Since a neurological disease 1s rarely associated with a
unique characteristic pattern of clinical symptoms, 1t 1s often
difficult to provide a reliable diagnosis solely based on the
observation and examination of the patients atlected or their
medical history.

The importance of an early diagnosis cannot be overem-
phasized. Many neurological disorders, most prominently
Alzheimer’s and Parkinson’s diseases as well as Multiple
Sclerosis, cannot be cured, but drugs are available that may
be used to slow down their progression. In addition, certain
rare types of cancer are associated with neurological symp-
toms. The earlier the diagnosis, the better the chances to
exploit the spectrum of available therapies to the tull benefit
of the patient.

This holds all the more true 1n the case of neurological
diseases associated with autoantibodies. In some cases, the
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2

link between a specific detectable autoantibody and a con-
dition 1s sufliciently strong to allow for an immediate
diagnosis.

But even 1f it 1s not, the detection of autoantibodies may
point the physician in charge to therapeutic means that may
be used to ameliorate the patient’s condition. There 1s a
variety of widely used immunosuppressants that may be
used regardless of the nature of the autoantibody’s target.
Alternatively, apheresis may be used to remove autoanti-
bodies from the patient’s blood. In many cases, patients
went on to lead a normal life following early diagnosis and
treatment of a neurological autoimmune disease.

Diagnostic assays based on the detection of autoantibod-
ies may also corroborate the diagnosis of diseases other than
those associated with autoantibodies. If 1t turns out that a
blood sample 1s devoid of specific autoantibodies, this 1s
likely to help the physician 1n charge exclude a range of
possibilities and thus narrow down the spectrum of plausible
conditions.

Examples of neurological conditions coinciding with the
emergence ol autoantibodies include Neuromyelitis optica, a
disease characterized by loss of visual perception and spinal
cord function, and anti-NMDA receptor encephalitis, which
1s associated with autonomic dystunction, hypoventilation,
cerebellar ataxia, hemiparesis, loss of consciousness, or
catatonia. Whilst the involvement of autoantibodies and the
nature of these conditions as such was previously poorly
understood, many of this disease can now be diagnosed and
treated etliciently owing to the availability of assays based
on the detection of autoantibodies.

Therefore, 1t 1s paramount that new approaches be devel-
oped to distinguish neurological conditions associated with
autoantibodies from those that are not.

SUMMARY OF THE INVENTION

The present invention relates to autoantibodies to
DAGLA and diagnostic assays based on their detection. As
far as the inventors are aware, the existence of autoantibod-
1ies to DAGLA, let alone their diagnostic usefulness, has not
yet been reported in the state of the art. A number of
companies have commercialized recombinant antibodies
binding to DAGLA, for example LifeSpan Biosciences, Inc
and Sigma.

The problem underlying the present invention 1s to pro-
vide novel reagents, devices and methods that may be used
to support the diagnosis and treatment of an autoimmune
disease, preferably an autoimmune disease of the nervous
system or associated with a neurological disease or neuro-
logical symptoms, more preferably selected from the group
comprising PNS, cerebellitis, epilepsy and sclerosis.

Another problem underlying the present imvention 1s to
provide novel reagents, devices and methods that may be
used to distinguish autoimmune diseases, 1 particular neu-
rological autoimmune diseases, more preferably selected
from the group comprising PNS, cerebellitis, epilepsy,
ataxia, polyneuropathy and/or polyradiculopathy, and scle-
rosi1s, from diseases other than autoimmune diseases, for
example from infections associated with neurological symp-
toms, not 1 the least to determine the most promising
treatment regimen, more specifically whether or not an
immunosuppressive treatment 1s adequate.

The problem underlying the present invention 1s solved,
for example, by the subject-matter of the following embodi-
ments.
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1. A method for diagnosing a disease comprising the step
detecting 1n a sample from a patient an autoantibody

binding to DAGLA.

2. An immobilized polypeptide comprising DAGLA or a
variant thereol.

3. A use of a polypeptide comprising DAGLA or a variant
thereol for the diagnosis of a disease, preferably com-
prising the step detecting 1n a sample an autoantibody

binding to DAGLA.

4. A polypeptide comprising DAGLA or a variant thereof
for use 1n a treatment of a disease.

5. An 1solated autoantibody to DAGLA.

6. A use of the autoantibody according to embodiment 5
for the diagnosis of a disease.
7. A method for 1solating an autoantibody binding to
DAGLA, comprising the steps
a) contacting a sample comprising the autoantibody
with a polypeptide comprising DAGLA or a varnant
thereot under conditions compatible with formation
of a complex, wherein said autoantibody binds to
said polypeptide,

b) 1solating the complex formed 1n step a),

cl) detecting the complex formed in step a) or c2)
dissociating the complex isolated in step b) and
separating the autoantibody from the polypeptide.

8. A pharmaceutical composition comprising a polypep-
tide comprising DAGLA or a vanant thereof.

9. A medical device, preferably diagnostic device, com-
prising a polypeptide comprising DAGLA or a variant
thereof.

10. A kit for the diagnosis of a disease, which kit com-
prises a polypeptide comprising DAGLA or a variant
thereol or a medical device comprising a polypeptide
comprising DAGLA or a variant thereotf,
wherein preferably the kit comprises in addition a

means for detecting a complex comprising the poly-
peptide and an antibody binding to DAGLA, pret-
erably an autoantibody binding to DAGLA,
wherein preferably the kit further comprises a positive
control comprising DAGLA or a variant thereof.

11. A use of a polypeptide comprising DAGLA or a
variant thereof or an autoantibody binding to DAGLA
or a medical device comprising a polypeptide compris-
ing DAGLA or a vanant thereof for the manufacture of
a kit or medical device, preferably diagnostic device,
for the diagnosis of a disease.

12. The method, polypeptide, use, autoantibody, pharma-
ceutical composition, medical device or kit according
to any ol embodiments 1, 3, 4, 6, 10 and 11,
wherein the disease 1s PNS, cerebellitis, epilepsy, scle-

rosis and a tumor.

13. The method or use according to any of embodiments
1, 3, 7 and 12, wherein the sample 1s a bodily fluid
comprising antibodies, preferably selected from the
group comprising whole blood, plasma, serum, cere-
brospinal fluid and saliva.

14. The method, use or kit according to any of embodi-
ments 1, 3, 6, 7 and 10 to 13, wherein the autoantibody
or complex 1s detected using a technique selected from
the group comprising immunodiffusion techniques,
immunoelectrophoretic techniques, light scattering
immunoassays, agglutination techmques, labeled
immunoassays such as those from the group compris-
ing radiolabeled immunoassay, enzyme immunoassays,
more preferably ELISA, chemiluminscence immuno-
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assays, preferably electrochemiluminescence immuno-
assay, and immunofluorescence, preferably indirect
immunofluorescence.

15. The medical device or kit according to any of embodi-
ments 9 to 14, wherein the medical device 1s selected
from the group comprising a glass slide, preferably for
microscopy, a biochip, a microtiter plate, a lateral tlow
device, a test strip, a membrane, preferably a line blot,

a chromatography column and a bead, preferably a
magnetic or fluorescent bead.

BRIEF DESCRIPTION OF DRAWINGS

The patent or application file contains at least one drawing
executed 1n color. Copies of this patent or patent application
pubhcatlon with color drawing(s) will be provided by the
Oflice upon request and payment of the necessary fee.

FIG. 1 shows the results of indirect immunotluorescence
assays ol sera from patients P1 to P35 using permeabilized
cryosections of rat and primate cerebellum. Granular stain-
ing of the molecular layer was observed.

FIG. 2 shows immunoprecipitation of DAGLA from
homogenized rat cerebellum using patient sera followed by
Western Blot analysis using patient sera as antibody source
(Al), Coomassie-stained SDS PAGE (A2), Western Blot
using a commercial recombinant antibody binding to
DAGLA (A3). Furthermore, the patients’ samples were
tested by indirect immunofluorescence using transfected
HEK293 cells expressmg DAGLA. Patients’ sera reacted
with the DAGLA-expressing cells (B1). In contrast, mock-
transiected cell did not demonstrate any specific antibody
binding (B2).

FIG. 3A shows the results of immunofluorescence on rat
and primate cerebellum using autoantibodies from patients
that were or were not pre-incubated with DAGLA. The
reaction of the patients’ auto-antibodies on tissue could be
abolished by pre-incubation with HEK293 lysate containing
DAGLA (SEQ ID NO 4). Antibody binding was unafiected
when a comparable {raction from mock-transiected
HEK?293 cells was used.

FIG. 3B shows indirect immunofluorescence with rat and
primate cerebellum tissue using patient serum and a specific
polyclonal anti-DAGLA antibody (Sigma-Aldrich, Ger-
many) revealed an exact overlap of the molecular layer
staining.

FIG. 4 shows an ELISA analysis of eight positive patient
sera comprising autoantibodies to DAGLA using six differ-
ent fragments of human DAGLA. Two fragments (3583-1042

and 123-136) yielded positive results.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

In a first aspect, the problem 1s solved by a method for
diagnosing a disease comprising the step detecting 1n a
sample from a patient an autoantibody binding to DAGLA.

In a second aspect, the problem 1s solved by an 1mmobi-
lized polypeptide comprising DAGLA or a variant thereof.

In a third aspect, the problem 1s solved by a use of a
polypeptide comprising DAGLA or a variant thereof for the
diagnosis of a disease, preferably comprising the step detect-
ing in a sample an autoantibody binding to DAGLA.

In a 47 aspect, the problem is solved by a polypeptide
comprising DAGLA or a variant thereof for use 1n a treat-
ment of a disease.

In a 5 aspect, the problem is solved by an autoantibody,
preferably an 1solated autoantibody to DAGLA.



US 10,989,712 B2

S

In a 67 aspect, the problem is solved by a use of the
autoantibody according to the present invention for the
diagnosis ol a disease.

In a 7 aspect, the problem 1s solved by a method for
isolating an autoantibody binding to DAGLA, comprising
the steps

a) contacting a sample comprising the autoantibody with

a polypeptide comprising DAGLA or a varnant thereof
under conditions compatible with formation of a com-
plex, wherein said autoantibody binds to said polypep-
tide,

b) 1solating the complex formed 1n step a),

cl) detecting the complex formed in step a) or c¢2)

dissociating the complex isolated 1n step b) and sepa-
rating the autoantibody from the polypeptide.

In an 87 aspect, the problem is solved by a pharmaceutical
composition or medical device, preferably diagnostic
device, comprising a polypeptide comprising DAGLA or a
variant thereof.

In a 9” aspect the problem is solved by a kit for the
diagnosis of a disease, which kit comprises a polypeptide
comprising DAGLA or a vanant thereof or a medical device
comprising a polypeptide comprising DAGLA or a variant
thereof,

wherein preferably the kit comprises 1n addition a means
for detecting a complex comprising the polypeptide and an
antibody binding to DAGLA, preferably an autoantibody
binding to DAGLA,

wherein preferably the kit further comprises a positive
control comprising DAGLA or a variant thereof or a nega-
tive control.

In a 10” aspect, the problem is solved by a use of a
polypeptide comprising DAGLA or a variant thereof or an
autoantibody binding to DAGLA or a medical device com-
prising a polypeptide comprising DAGLA or a variant
thereof for the manufacture of a kit or medical device,
preferably diagnostic device, for the diagnosis of a disease.

In a preferred embodiment, the disease 1s PNS, preferably
associated with a condition selected from the group com-
prising cerebellitis, epilepsy and sclerosis. In another pre-
terred embodiment, the disease 1s selected from the group
comprising PNS, cerebellitis, epilepsy, sclerosis and a
tumor, more preferably PNS, cerebellitis, epilepsy and scle-
rosis. In a preferred embodiment, the disease 1s a cancer,
preferably from the group comprising a thoracic cancer,
more preferably lung cancer or thymus cancer, most pretf-
crably from the group comprising small cell lung cancer,
carcinold and non-small cell lung cancer; a breast, gyneco-
logic and testicular cancer; and hematologic malignancies
and solid tumors, preferably from the group comprising
lymphoma, leukemia, melanoma, urinary tract cancers, gas-
tromntestinal cancers, colon cancer, gastric and esophageal
cancers, head and neck cancers, sarcoma and histiocytosis.

In a preferred embodiment, the sample 1s a bodily fluid
comprising antibodies, preferably selected from the group
comprising whole blood, plasma, serum, cerebrospinal fluid
and saliva.

In a preferred embodiment, the autoantibody or complex
1s detected using a techmique selected from the group
comprising immunodiffusion techniques, 1mmunoelectro-
phoretic techniques, light scattering immunoassays, agglu-
tination techmiques, labeled immunoassays such as those
from the group comprising radiolabeled immunoassay,
enzyme immunoassays, more preferably ELISA, chemilu-
minscence immunoassays, preferably electrochemilumines-
cence immunoassay, and immunofluorescence, preferably
indirect immunofluorescence.
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In a preferred embodiment, the medical device 1s selected
from the group comprising a glass slide, preferably for
microscopy, a biochip, a microtiter plate, a lateral flow
device, a test strip, a membrane, preferably a line blot, a
chromatography column and a bead, preferably a magnetic
or fluorescent bead.

The present mvention 1s based on the inventors’ surpris-
ing finding that an autoantibody to DAGLA exists and may
be detected 1n samples from a number of patients suflering
from neurological conditions, but not in samples obtained
from healthy subjects.

Furthermore, the present invention 1s based on the mnven-
tors’ surprising finding that the novel neurological disease
may be diagnosed by way of detection of an autoantibody to
DAGLA. Without wishing to be bound to any theory, the
presence ol such autoantibodies suggests that the function of
DAGLA and/or downstream eflectors 1s impaired in patients
having such autoantibodies to the eflect that neurological
symptoms OcCcCur.

DAGLA (diacylglycerol lipase alpha, 120 kDa, 1.042
amino acids) 1s, together with DAGL-beta, a member of the
DAG lipase (DAGL) family.

DAGLs are responsible for catalyzing the hydrolysis of
diacylglycerol (DAG), one of the most studied second
messenger 1n cells, to 2-arachidonoyl-glycerol (2-AG), the
most abundant ligand for the endocannabinoid receptors
(e¢CB) 1n the body (Keimpema, E. et al. (2013) Diacylglyc-
erol lipase o manipulation reveals developmental roles for
intercellular endocannabinoid signaling. Sci Rep. 3:2093/
do1: 10.1038/srep02093). DAGL-dependent eCB signalling
regulates axonal growth and guidance during development
and 1s required for the generation and migration ol new
neurons in the adult brain (Williams, E. J. et al. (1994) The
production of arachidonic acid can account for calcium
channel activation in the second messenger pathway under-
lying neurite outgrowth stimulated by NCAM, N-cadherin,
and L1. J. Neurochem. 62:1231-1234/d01:10.1046/1.1471 -
4159.1994.62/031,231 .x). Beyond the encannabinoid sys-
tem DAGLs influence the level of the essential lipid arachi-
donic acid via the synthesis of 2-AG 1n the brain and other
organs (Reisenberg, M. et al. (2012) The diacylglycerol
lipases: structure, regulation and roles 1n and beyond endo-
cannabinoid signalling. Phil. Trans. R. Soc. B: 367, 3264-
3275/d01:10.1098/rstb.2011.0387).

2-AG 1s mainly synthesized by DAGLA i1soform whose
expression correlates strongly with the total biosynthesis and
release of 2-AG. The expression pattern of DAGLA changes
from axonal tracts 1n the embryo to the dendritic fields and
proliferating neural stem cells 1n the subventricular zone in
the adult (Bisogno, T. et al. (2003) Cloning of the first
snl-DAG lipases points to the spatial and temporal regula-
tion of endocannabinoid signaling in the brain. J Cell Biol.
163(3):463-8/d01/10.1083/1cb.200305129).

Genetic defects in DAGLA are potentially associated with
the development of spinocerebellar ataxia type 20 (SCA20)
in humans (Knight, M. A. et al. (2008) A duplication at
chromosome 11q12.2-11gq12.3 1s associated with spinocer-
cbellar ataxia type 20. Hum Mol Genet. 17(24):3847-38353.
do1:10.1093/hmg/ddn283). Spinocerebellar ataxia 1s a clini-
cally and genetically heterogeneous group of cerebellar
disorders. Patients show progressive incoordination of gait
and often poor coordination of hands, speech and eye
movements, due to degeneration of the cerebellum with
variable mvolvement of the brammstem and spinal cord
(Knight, M. A. et al. (2004) Dominantly imnherited ataxia and
dysphonia with dentate calcification: spinocerebellar ataxia
type 20. Brain. 127: 1172-1181/do1: 10.1093/brain/awh139).
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DAGLA consists of a short cytoplasmic N-terminal
sequence leading to a 4 transmembrane (41TM) helix
domain, followed by a canonical alpha/beta hydrolase
domain that harbors the catalytic domain, followed by a long
C-terminal tail domain. The 41TM domain 1s conserved in the
19 AA N-terminal sequence. The 4TMs are separated by
short unconcerned loops and two extracellular transmem-
brane domains represent potential sites for glycosylation.

Functionally, 1t 1s assumed that DAGLA facilitates the
packing of enzymes at the membrane and acts as docking
sites for other proteins 1n a functional complex and forms a
channel that regulates DAG access to the catalytic domain
and release of 2-AG from cells afterwards. The catalytic
domain consists of in total 8 mutually hydrogen-bonded
beta-sheet strands linked mostly by alpha-helices. Charac-
teristically, 1t has a catalytic serine (AA 472) and aspartic
acid (AA 524) and histidine (AA 650), the so called catalytic
triad (Baggelaar, M. P. et al. (2013) Development of an
Activity-Based Probe and In Silico Design Reveal Highly
Selective Inhibitors for Diacylglycerol Lipase-alpha 1n
Brain. Angw. Chem. Int. Ed. 52:1-6/do1:10.1002/
anie.201306293). The catalytic action of DAGLA requires
Ca2+ as an essential cofactor. Further, the catalytic domain
includes a regulatory loop (appr. 50-60 AA long, between
7th and 8th canonical beta-sheet), which harbors a conserved
10 AA poly-proline signature motit (PLYPPGRIIH). This
might function as cap or lid to shield hydrophobic catalytic
cavity from water (Miled, N. et al. (2003) Importance of the
lid and cap domains for the catalytic activity of gastric
lipases. Comp Biochem Physiol B Biochem Mol Biol.
136(1): 131-8/do1: 10.1016/S 1096-4959(03)00183-0). The
C-terminus of DAGLA 1s the most characteristic structural
difference between the alpha and beta 1soform. DAGLA but
not DAGL-beta shows a long intracellular sequence. This
DAGLA specific tail does not directly contribute to catalytic
activity. Though, the integrated consensus motif (PPxxF)
has been shown to bind the coiled-coil domain of Homer
proteins (e.g. in mGluR 1nteraction).

The present invention relates to a polypeptide comprising,
a mammalian, preferably human polypeptide selected from
DAGLA or antigenic variants reactive to autoantibodies
binding to DAGLA. Mammalian DAGLA 1ncludes homo-
logues from human, monkey, mouse, rat, rabbit, guinea pig
or pi1g, preferably human.

In a more preferred embodiment, DAGLA 1s the poly-
peptide encoded by SEQ ID NO4, Q9Y4D2 (alpha) (iden-
tical to SEQ ID NO4), NP_631918.3 (beta 1soform 1)
NP_001136408.1 (beta 1soform 2), preferably Q9Y4D2. The
cDNA consisting of the nucleic acid encoding SEQ 1D NO4
1s SEQ ID NOI1. Throughout this application, any data base
codes cited refers to the Unmiprot data base, more specifically
the version on the filing date of this application or 1ts earliest
priority application.

The teachings of the present invention may not only be
carried out using polypeptides, 1n particular a polypeptide
comprising the native sequence of a polypeptide such as
DAGLA or nucleic acids having the exact sequences
referred to in this application explicitly, for example by
function, name, sequence or accession number, or implicitly,
but also using variants of such polypeptides or nucleic acids.

In a preferred embodiment, the term *““variant”, as used
herein, may refer to at least one fragment of the full length
sequence referred to, more specifically one or more amino
acid or nucleic acid sequence which 1s, relative to the
tull-length sequence, truncated at one or both termini by one
or more amino acids. Such a fragment comprises or encodes

for a peptide having at least 6, 7, 8, 10, 12, 15, 20, 25, 30,
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75, 100, 150 or 200 successive amino acids of the original
sequence or a variant thereot. The total length of the vanant
may be at least 6, 7, 8, 9, 10, 11, 12, 20, 25, 30, 40, 50, 60,
70, 80, 90, 100, 200, 300, 400, 500, 750, 1000 or more
amino acids.

The term “vanant” relates not only to at least one frag-
ment, but also to a polypeptide or a fragment thereof
comprising amino acid sequences that are at least 40, 50, 60,
70, 75, 80, 85, 90, 92, 94, 95, 96, 97, 98 or 99% 1dentical to
the reference amino acid sequence referred to or the frag-
ment thereof, wherein amino acids other than those essential
for the biological activity, for example the ability of an
antigen to bind to an (auto)antibody, or the fold or structure
of the polypeptide are deleted or substituted and/or one or
more such essential amino acids are replaced 1n a conser-
vative manner and/or amino acids are added such that the
biological activity of the polypeptide 1s preserved. The state
of the art comprises various methods that may be used to
align two given nucleic acid or amino acid sequences and to
calculate the degree of 1dentity, see for example Arthur Lesk
(2008), Introduction to bioinformatics, Oxiord University
Press, 2008, 3 edition. In a preferred embodiment, the
ClustalW software (Larkin, M. A., Blackshields, G., Brown,
N. P, Chenna, R., McGettigan, P. A., McWillham, H.,
Valentin, F., Wallace, 1. M., Wilm, A., Lopez, R., Thompson,
1. D., Gibson, T. I., Higgins, D. G. (2007). Clustal W and
Clustal X version 2.0. Bioinformatics, 23, 2947-2948) 1is
used using default settings. Preferred variants or fragments
having such biological activity are SEQ ID NO26 and SEQ)
ID NO28 and the His-tagged versions of them.

In a preferred embodiment, the variant 1s a linear, non-
folded polypeptide, which 1s optionally denatured.

In a preferred embodiment, the polypeptide and variants
thereol may, 1n addition, comprise chemical modifications,
for example 1sotopic labels or covalent modifications such as
glycosylation, phosphorylation, acetylation, decarboxy-
lation, citrullination, methylation, hydroxylation and the
like. The person skilled in the art 1s familiar with methods to
modily polypeptides. Any modification 1s designed such that
it does not abolish the biological activity of the variant.

Moreover, variants may also be generated by fusion with
other known polypeptides or variants thereof and comprise
active portions or domains, preferably having a sequence
identity of at least 70, 75, 80, 85, 90, 92, 94, 93, 96, 97, 98
or 99% when aligned with the active portion of the reference
sequence, wherein the term “active portion”, as used herein,
refers to an amino acid sequence, which 1s less than the full
length amino acid sequence or, 1n the case of a nucleic acid
sequence, codes for less than the full length amino acid
sequence, respectively, and/or 1s a variant of the natural
sequence, but retains at least some of the biological activity.

In a preferred embodiment, the term “variant” of a nucleic
acid comprises nucleic acids the complementary strand of
which hybridizes, preferably under stringent conditions, to
the reference or wild type nucleic acid. Stringency of
hybridization reactions 1s readily determinable by one of
ordinary skilled in the art, and 1n general 1s an empirical
calculation dependent on probe length, washing temperature
and salt concentration. In general longer probes require
higher temperatures for proper annealing, while shorter
probes less so. Hybridization generally depends on the
ability of denatured DNA to reanneal to complementary
strands present in an environment below their melting
temperature: The higher the degree of desired homology
between the probe and hybridizable sequence, the higher the
relative temperature which may be used. As a result, higher
relative temperatures would tend to make the reaction con-
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ditions more stringent, while lower temperature less so. For
additional details and explanation of stringency of hybrid-
ization reactions, see Ausubel, F. M. (1993), Current Pro-
tocols 1n Molecular Biology. John Wiley & Sons, Inc.
Moreover, the person skilled in the art may follow the

instructions given in the manual Boehringer Mannheim
GmbH (1993) The DIG System Users Guide for Filter

Hybrnidization, Boehringer Mannheim GmbH, Mannheim,
Germany and 1n Liebl, W., Ehrmann, M., Ludwig, W., and
Schleifer, K. H. (1991) International Journal of Systematic
Bacteriology 41: 255-260 on how to identify DNA
sequences by means of hybridization. In a preferred embodi-
ment, stringent conditions are applied for any hybridization,
1.¢. hybridization occurs only 1f the probe 1s 70% or more
identical to the target sequence. Probes having a lower
degree of identity with respect to the target sequence may
hybridize, but such hybrids are unstable and will be removed
in a washing step under stringent conditions, for example
lowering the concentration of salt to 2xSSC or, optionally
and subsequently, to 0,5xSSC, while the temperature 1s, 1n
order of increasing preference, approximately 50° C.-68° C.,
approximately 52° C.-68° C., approximately 54° C.-68° C.,
approximately 56° C.-68° C., approximately 58° C.-68° C.,
approximately 60° C.-68° C., approximately 62° C.-68° C.,
approximately 64° C.-68° C., approximately 66° C.-68° C.
In a particularly preferred embodiment, the temperature 1s
approximately 64° C.-68° C. or approximately 66° C.-68° C.
It 1s possible to adjust the concentration of salt to 0.2xSSC
or even 0.1xSSC. Nucleic acid sequences having a degree of
identity with respect to the reference or wild type sequence
of at least 70, 80, 90, 91, 92, 93, 94, 93, 96, 97, 98, 99% may
be 1solated. In a preferred embodiment, the term varnant of
a nucleic acid sequence, as used herein, refers to any nucleic
acid sequence that encodes the same amino acid sequence
and variants thereof as the reference nucleic acid sequence,
in line with the degeneracy of the genetic code.

The vaniant of the polypeptide has biological activity. In
a preferred embodiment, such biological activity i1s the
ability to bind specifically to an autoantibody binding to
DAGLA, as found 1n a patient suflering from an autoim-
mune disease associated with such autoantibody, preferably
associated with a neurological disease or condition such as
PNS. For example, whether or not a variant of DAGLA has
such biological activity may be checked by determining
whether or not the variant of interest binds to an autoanti-
body from a sample of a patient which autoantibody binds
to wild type DAGLA, preferably as determined by indirect
immunofluorescence using primate cerebellum as described
in the experimental section of this application.

Any polypeptide according to the present invention, when
used to carry out the teachungs of the present invention, may
be provided in any form and at any degree of purification,
from liquid samples, tissues or cells comprising said poly-
peptide 1 an endogenous form, more preferably cells over-
expressing the polypeptide, crude or enriched lysates of such
cells, to purified and/or 1solated polypeptide which 1s option-
ally essentially pure. In a preferred embodiment, the poly-
peptide 1s a native polypeptide, wherein the term “native
polypeptide”, as used herein, refers to a folded polypeptide,
more preferably to a folded polypeptide purified from tissues
or cells, more preferably from mammalian cells or tissues,
optionally from non-recombinant tissues or cells. In another
preferred embodiment, the polypeptide 1s a recombinant
protein, wherein the term “recombinant”, as used herein,
refers to a polypeptide produced using genetic engineering,
approaches at any stage of the production process, for
example by fusing a nucleic acid encoding the polypeptide
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to a strong promoter for overexpression in cells or tissues or
by engineering the sequence of the polypeptide 1itself. The
person skilled in the art 1s familiar with methods for engi-
neering nucleic acids and polypeptides encoded (for
example, described in Sambrook, J., Fritsch, E. F. and
Maniatis, T. (1989), Molecular Cloning, CSH or 1n Brown T.
A. (1986), Gene Cloning—an introduction, Chapman &
Hall) and for producing and purifying native or recombinant
polypeptides (for example Handbooks “Strategies for Pro-
tein Purification™, “Antibody Purification”, “Puritying Chal-
lenging Proteins™ (2009/2010), published by GE Healthcare
Life Sciences, and in Burgess, R. R., Deutscher, M. P.
(2009), Guide to Protein Punfication). In a preferred
embodiment, a polypeptide 1s pure 1t at least 60, 70, 80, 90,
95 or 99 percent of the polypeptide 1n the respective sample
consists of said polypeptide as judged by SDS polyacryl-
amide gel electrophoresis followed by Coomassie blue stain-
ing and visual mspection.

If the mventive polypeptide 1s provided in the form of
tissue, it 1s preferred that the tissue 1s mammalian tissue, for
example human, rat, primate, donkey, mouse, goat, horse,
sheep, p1g or cow, more preferably brain tissue, most pref-
erably cerebellum. If a cell lysate 1s used, 1t 1s preferred that
the cell lysate comprises the membranes associated with the
surface of the cell or 1s 1 fact a fraction enriched in
membranes. If said polypeptide 1s provided 1n the form of a
recombinant cell, 1t 1s preferred that the recombinant cell 1s
a eukaryotic cell such as a yeast cell, more preferably a cell
from a multicellular eukaryote such as a plant, mammal,
frog or msect, most preferably from a mammal, for example
rat, human, primate, donkey, mouse, goat, horse, sheep, pig
Or COW.

The polypeptide used to carry out the inventive teachings,
including any variants, 1s preferably designed such that 1t
comprises at least one epitope recognized by and/or binds
specifically to the autoantibody binding to DAGLA. Any
epitope 1s more preferably an epitope recognized by such an
autoantibody only, by contrast to antibodies other than an
autoantibody to DAGLA. In one embodiment, such poly-
peptide comprises a stretch of 6, 7, 8, 9, 10, 11, 12, 20, 25,
30, 40, 50, 60, 70, 80, 90, 100 or more, preferably at least
9 but no more than 16, consecutive amino acids from
DAGLA. The person skilled in the art 1s familiar with
guidelines used to design peptides having suilicient 1immu-
nogenicity, for example those described 1n Jackson, D. C.,
Fitzmaurice, C. I., Brown, L. E., Zeng, W. (1999), Prepa-
ration and properties of totally synthetic immunogenes,
Vaccine Volume 18, Issues 3-4, September 1999, Pages
355-361; and Black, M., Trent, A., Tirrell, M. and Olive, C.
(2010), Advances 1 the design and delivery of peptide
subunit vaccines with a focus on Toll-like receptor agonists,
Expert Rev Vaccines, 2010 Feb.; 9(2): 157-173. Brietly, 1t 1s
desirable that the peptide meets as many as possible of the
following requirements: (a) 1t has a high degree of hydro-
philicity, (b) 1t comprises one or more residues selected from
the group comprising aspartate, proline, tyrosine and phe-
nylalanine, (¢) 1s has, for higher specificity, no or little
homology with other known peptides or polypeptides, (d) 1t
needs to be sufliciently soluble and (e) 1t comprises no
glycosylation or phosphorylation sites unless required for
specific reasons. Alternatively, bioinformatics approaches
may be followed, for example those described by Moreau,
V., Fleury, C., Piquer, D., Nguyen, C., Novali, N, Villard, S.,
Laune, D., Granier, C. and Molina, F. (2008), PEPOP:
Computational design of immunogenic peptides, BMC Bio-
informatics 2008, 9:71. Suitable epitopes are present in SEQ

ID NO 16 and SEQ ID NO 22.
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The inventive polypeptide, when used according to the
present mnvention, may be provided in any kind of conifor-
mation. For example, the polypeptide may be an essentially
unfolded, a partially or a fully folded polypeptide. In a
preferred embodiment, the polypeptide 1s folded 1n the sense
that the epitopes essential for the binding to the mventive
autoantibody, or the protein or variant thereof in its entirety,
adopt the fold adopted by the native protein in 1ts natural
environment. The person skilled 1n the art 1s familiar with
methods suitable to determine whether or not a polypeptide
1s folded and if 1t 1s, which structure 1t has, for example
limited proteolysis, NMR spectroscopy, CD spectroscopy or
X-ray crystallography (see for example Banaszak L. .
(2008), Foundations of Structural Biology, Academics Press,
or Teng Q. (2013), Structural Biology: Practical Applica-
tions, Springer), preferably CD spectroscopy 1s used.

The mventive polypeptide may be a fusion protein which
comprises amino acid sequences other than those taken from
DAGLA, m particular a C-terminal or N-terminal tag,
preferably a C-terminal tag, which 1s, 1n a preferred embodi-
ment, as used herein, an additional sequence motif or
polypeptide having a function that has some biological or
physical function and may, for example, be used to purity,
immobilize, precipitate or 1dentily the inventive polypep-
tide. In a more preferred embodiment, the tag 1s a sequence
or domain capable of binding specifically to a ligand, for
example a tag selected from the group comprising His tags,
thioredoxin, maltose binding protein, glutathione-S-transter-
ase, a fluorescence tag, for example from the group com-
prising green fluorescent protein.

The mventive polypeptide may be an immobilized poly-
peptide. In a preferred embodiment, the term “1mmobi-
lized”, as used herein, refers to a molecule bound to a solid
carrier insoluble 1n an aqueous solution, more preferably via
a covalent bond, electrostatic interactions, encapsulation or
entrapment, for example by denaturing a globular polypep-
tide 1n a gel, or via hydrophobic interactions, most prefer-
ably via one or more covalent bonds. Various suitable
carriers, for example paper, polystyrene, metal, silicon or
glass surfaces, microfluidic channels, membranes, beads
such as magnetic beads, column chromatography media,
biochips, polyvacrylamide gels and the like have been
described in the literature, for example in Kim, D., and Herr,
A. E. (2013), Protein immobilization techniques for micro-
fluidic assays, Biomicrofluidics 7(4), 041501. This way, the
immobilized molecule, together with the insoluble carner,
may be separated from an aqueous solution 1n a straightfor-
ward manner, for example by filtration, centrifugation or
decanting. An immobilized molecule may be immobilized 1n
a reversible or irreversible manner. For example, the immo-
bilization 1s reversible if the molecule interacts with the
carrier via 1onic interactions that can be masked by addition
of a high concentration of salt or 1f the molecule 1s bound via
a cleavable covalent bond such as a disulphide bridge which
may be cleaved by addition of thiol-containing reagents. By
contrast, the immobilization 1s irreversible 11 the molecule 1s
tethered to the carrier via a covalent bond that cannot be
cleaved 1n aqueous solution, for example a bond formed by
reaction of an epoxide group and an amine group as Ire-
quently used to couple lysine side chains to aflinity columns.
The protein may be indirectly immobilized, for example by
immobilizing an antibody or other entity having athnity to
the molecule, followed by formation of a complex to the
cllect that the molecule-antibody complex 1s immobilized.
Various ways to immobilize molecules are described in the
literature, for example 1n Kim. D., Herr, and A. E. (2013),
Protein immobilizsation techniques for microfluidic assays,
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Biomicrotluidics 7(4), 041501. In addition, various reagents
and kits for immobilization reactions are commercially
available, for example from Pierce Biotechnology.

It 1s essential that the sample used for the diagnosis 1n line
with the detection of autoantibodies according to the present
invention comprises antibodies, also referred to as 1mmu-
noglobulins. Typically the sample of a bodily fluid com-
prises a representative set of the enfirety of the subject’s
immunoglobulins. However, the sample, once provided,
may be subjected to further processing which may include
fractionation, centrifugation, enriching or 1solating the
entirety of immunoglobulins or any immunoglobulin class
of the subject, which may affect the relative distribution of
immunoglobulins of the various classes.

The reagents, devices, methods and uses described
throughout this application may be used for the diagnosis of
a disease. In a preferred embodiment, the disease 1s a
neurological disease. In a more preferred embodiment, the
term “neurological disease™, as used herein, refers to any
disease associated with a defect of the nervous system, 1n
another preferred embodiment, the term “PNS”, abbrevia-
tion of paraneoplastic neurological syndrome, as used
herein, refers to a systemic disorder indirectly caused by the
presence of a tumor, for example, as a result of the produc-
tion release of substances such as hormones or cytokines not
normally produced by the cell of origin of the tumor or are
produced at increased concentration or the production and
release of biologically active cells. Such systemic order may
be revealed by various conditions comprising cerebellitis,
epilepsy and sclerosis. Any manifestation of PNS indicates
that the patient should be thoroughly examined for the
presence ol a tumor, although the tumor may be too small for
detection.

Cerebellitis can have a varniety of causes and be related to
the following diseases, which may therefore be diagnosed or
distinguished or differentiated from autoimmune cerebellitis
using the present invention: Virus infection, for example
with Coxsackie, Influenza, Varicella Zoster, Eppstein-Barr,
Rotavirus or Parvovirus, bacterial infection, for example
Mycobacterium preumoniae or Cryptococcus, ataxia, auto-
immune cerebellitis, for example associated with autoanti-
bodies to Neurochrondrin or Yo, drug overdose, for example
by methadone or opium, vaccine-induced cerebellitis.

Epilepsy can have a variety of causes and be related to the
following diseases, which may therefore be diagnosed or
distinguished or differentiated from autoimmune cerebellitis
using the present invention: benign febrile convulsions of
childhood, 1diopathic/cryptogenic seizures, cerebral dysgen-
esis, symptomatic epilepsy, head trauma, stroke, vascular
malformations, mass lesions, CNS infections, encephalitis,
ceningitis, cysticercosis, HIV encephalopathy, hypoglyce-
mia, hyponatremia, hyperosmolar states, hypocalcemia, ure-
mia, hepatic encephalopathy, porphyria, drug toxicity, drug
withdrawal, global cerebral 1schemia, hypertensive encepha-
lopathy, eclampsia, hyperthermia.

Sclerosis can have a variety of causes and be related to the
following diseases, which may therefore be diagnosed or
distinguished or differentiated from autoimmune cerebellitis
using the present mnvention: Lou Gehrig’s disease, Athero-
sclerosis, nephrotic syndrome, Hippocampal sclerosis,
Lichen sclerosus and Multiple sclerosis.

Therefore, the present mvention may also be used for
distinguishing an autoimmune disease from an infectious
disease, 1n particular a neuronal autoimmune disease from
an infectious disease. Detection of the autoantibody to
DAGLA shows that the disease 1s an autoimmune disease.
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In a preferred embodiment, the term “diagnosis”, as used
herein, refers to any kind of procedure aiming to obtain
information nstrumental 1n the assessment whether a patient
sullers or 1s likely or more likely than the average or a
comparative subject, the latter preferably having similar
symptoms, to suiler from certain a disease or disorder in the
past, at the time of the diagnosis or in the future, to find out
how the disease 1s progressing or 1s likely to progress 1n the
future or to evaluate the responsiveness of a patient with
regard to a certain treatment, for example the administration
of 1mmunosuppressive drugs. In other words, the term
“diagnosis” comprises not only diagnosing, but also prog-
nosticating and/or monitoring the course of a disease or
disorder. In many cases the mere detection, 1n other words
determining whether or not detectable levels of the antibody
are present in the sample, 1s suflicient for the diagnosis. If
the autoantibody can be detected, this will be mformation
instrumental for the clinician’s diagnosis and indicates an
increased likelihood that the patient suflers from a disease.
In a preferred embodiment, the autoantibody i1s deemed
detectable 11 1t can be detected using one or more methods
selected from the group comprising immunoprecipitation,
indirect immunofluorescence, ELISA or line blot, preferably
indirect immunofluorescence. In a preferred embodiment,
the relative concentration of the antibody in the serum,
compared to the level that may be found in the average
healthy subject, may be determined. While in many cases it
may be sullicient to determine whether or not autoantibodies
are present or detectable 1n the sample, the method carried
out to obtain information mstrumental for the diagnosis may
involve determining whether the concentration 1s at least 2,
preferably 5, 10, 20, 25, 50, 100, 200, 500, 1000, 10000 or
100000 times higher than the concentration found in the
average healthy subject. In a preferred embodiment, the
relative concentration of the autoantibody i1s determined
using one or more methods selected from the group com-
prising semi-quantitative immunoprecipitation, semi-quan-
titative indirect immunofluorescence, ELISA or semi-quan-
titative line blot, preferably ELISA. Experimental details are
as described 1n the experimental section of this application
or as 1n text books or practical manuals as available at the
priority date of this application. Many assays may be carried
out 1n a competitive format, wherein DAGLA or a variant
thereot 1s bound to a first antibody, which 1s replaced by a
second antibody. For example, the first antibody may be the
autoantibody to DAGLA and the second antibody may be a
recombinant antibody, preferably labeled with a detectable
label.

The person skilled 1n the art will appreciate that a clinician
does usually not conclude whether or not the patient suflers
or 1s likely to sufler from a disease, condition or disorders
solely on the basis of a single diagnostic parameter, but
needs to take into account other aspects, for example the
presence ol other autoantibodies, markers, blood param-
cters, clinical assessment of the patient’s symptoms or the
results of medical 1imaging or other non-invasive methods
such as polysomnography, to arrive at a conclusive diagno-
s1s. See Baenkler H. W. (2012), General aspects of autoim-
mune diagnostics, 1n Renz, H., Autoimmune diagnostics,
2012, de Gruyter, page 3. The value of a diagnostic agent or
method may also reside the possibility to rule out one
disease, thus allowing for the indirect diagnosis of another.
In a preferred embodiment, the meaming of any symptoms or
diseases referred to throughout this application 1s 1n line
with the person skilled in the art’s understanding as of the
filing date or, preferably, earliest priority date of this appli-
cation as evidenced by text books and scientific publica-
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tions. It should be mentioned that the inventive methods or
uses or products, taken alone, cannot be used to arnve at a
definite, final diagnosis.

Therefore, the term “diagnosis” does preferably not imply
that the diagnostic methods or agents according to the
present invention will be definitive and sufhicient to finalize
the diagnosis on the basis of a single test, let alone param-
cter, but may refer to a contribution to what 1s referred to as
a “differential diagnosis™, 1. €. a systematic diagnostic pro-
cedure considering the likelihood of a range of possible
conditions on the basis of a range of diagnostic parameters.
Consequently, the mventive method, polypeptide or use,
optionally for determining whether a patient suilers from the
a disease, may comprise obtaining a sample from a patient,
preferably a human patient, determining whether an autoan-
tibody binding to DAGLA 1s present 1n said sample, wherein
said determiming 1s performed by contacting the sample with
the nventive polypeptide and detecting whether binding
occurs between said polypeptide and said autoantibody,
preferably using a labeled secondary antibody, wherein said
autoantibody binds to said polypeptide if present in the
sample, and diagnosing the patient as suflering or being
more likely to sufler from said neurological disorder 1f the
autoantibody was determined to be present in the sample.

The term “diagnosis™ may also refer to a method or agent
used to distinguish between two or more conditions associ-
ated with similar or i1dentical symptoms.

The term “diagnosis™ may also refer to a method or agent
used to choose the most promising treatment regime for a
patient. In other words, the method or agent may relate to
selecting a treatment regimen for a subject. For example, the
detection of autoantibodies may indicate that an 1mmuno-
suppressive therapy 1s to be selected, which may include
administrating to the patient one or more 1mmunosuppres-
sive drugs.

The present invention relates to a complex comprising an
antibody, preferably autoantibody, binding to the inventive
polypeptide. Such a complex may be used or detected as part
of a method for diagnosing a disease. A liquid sample
comprising antibodies from a subject may be used to prac-
tice the method 1f an autoantibody to DAGLA 1s to be
detected. Such a liguid sample may be any bodily tluid
comprising a representative set of antibodies from the sub-
ject, preferably a sample comprising antibodies of an immu-
noglobulin class from the subject selected from the group
comprising IgG, IgA and IgM class antibodies, preferably
IgGG, more preferably IgGG1 and Ig(G2, more preferably IgGl.
For example, a sample may be cerebrospinal fluid (CSF),
blood or blood serum, lymph, insterstitial fluid and 1s
preferably serum or CSF, more preferably serum. It 1s
preferably an ex vivo sample.

The step contacting a liquid sample comprising antibodies
with the inventive polypeptide(s) may be carried out by
incubating an immobilized form of said polypeptide(s) in the
presence of the sample comprising antibodies under condi-
tions that are compatible with the formation of the complex
comprising the respective polypeptide and an antibody,
preferably an autoantibody, binding to the mventive poly-
peptide. The liquid sample, then depleted of antibodies
binding to the inventive polypeptide(s) may be removed
subsequently, followed by one or more washing steps.
Finally the complex comprising the antibody or antibodies
and the polypeptide(s) may be detected. In a preferred
embodiment, the term “conditions compatible with the for-
mation of the complex” are conditions that allow for the
specific antigen-antibody 1nteractions to build up the com-
plex comprising the polypeptide and the antibody. In a
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preferred embodiment such conditions may comprise 1ncu-
bating the polypeptide 1n sample diluted 1:100 1n PBS bufler
for 30 minutes at 25° C.

In a preferred embodiment, the term “autoantibody™, as
used herein, refers to an antibody binding specifically to an
endogenous molecule of the animal, preferably mammal,
more preferably human, which produces said autoantibody,
wherein the level of such antibody i1s more preferably
clevated compared the average of any other antibodies
binding specifically to such an endogenous molecule. In a
most preferred embodiment, the autoantibody 1s an autoan-
tibody binding to DAGLA. The autoantibody may have the
sequence of an antibody’s constant regions from the animal,
preferably human, making 1t, but the variable region 1s able
to bind specifically to the endogenous molecule of the
amimal, more specifically DAGLA. In a preferred embodi-
ment, the autoantibody 1s 1solated and/or purified from a
sample, preferably tissue, serum, plasma, blood or CSF from
the animal, preferably human. The autoantibody is a poly-
clonal, native antibody from the animal rather than a syn-
thetic or recombinant antibody. In a preferred embodiment,
the autoantibody 1s an antibody binding specifically to SEQ
ID NO 26 or SEQ ID NO 28, preferably SEQ ID NO28.

The method according to the present invention 1s prefer-
ably an 1n vitro method.

In a preferred embodiment, the detection of the complex
tor the prognosis, diagnosis, methods or test kit according to
the present invention comprises the use of a method selected
from the group comprising immunodiflusion techniques,
immunoelectrophoretic techniques, light scattering 1mmu-
noassays, agglutination techmques, labeled immunoassays
such as those from the group comprising radiolabeled immu-
noassay, enzyme immunoassays, preferably ELISA, chemi-
luminscence immunoassays, and immunofluorescence, pret-
erably indirect immune-fluorescence techniques. The person
skilled 1n the art 1s familiar with these methods, which are
also described 1n the state of the art, for example 1n Zane, H.
D. (2001), Immunology—Theo-retical & Practical Concepts
in Laboratory Medicine, W. B. Saunders Company, 1n Chap-
ter 14.

Alternatively, a sample comprising tissue comprising the
inventive polypeptide rather than a liquid sample may be
used. The tissue sample 1s preferably from a tissue express-
ing endogenous DAGLA, preferably at an increased level
compared to the average tissue 1n the respective organism’s,
preferably human body. Such a sample, which may be in the
form of a tissue section fixed on a carrier, for example a glass
slide for microscopic analysis, may then be contacted with
the inventive antibody, preferably autoantlbody, binding to
the 1nventive polypeptide. The antibody 1s preferably
labeled to allow for distinction from endogenous antibodies
binding to the mventive polypeptide, so that newly formed
complexes may be detected and, optionally, quantified. If the
amount of complexes formed i1s lower than the amount
found 1n a sample taken from a healthy subject, the subject
from whom the sample examined has been taken 1s likely to
sufler from a disease.

Any data demonstrating the presence or absence of the
complex comprising the antibody and the mmventive poly-
peptide may be correlated with reference data. For example,
detection of said complex indicates that the patient who
provided the sample analyzed has suflered, 1s sullering or 1s
likely to sufler 1n the future from a disease. If a patient has
been previously diagnosed and the method for obtaiming
diagnostically relevant information 1s run again, the amount
of complex detected 1n both runs may be correlated to find
out about the progression of the disease and/or the success
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of a treatment. In a preferred embodiment, any information
or data demonstrating the presence of absence of the com-
plex may be communicated to the patient or a medical doctor
treating the patient, preferably by telephone, in a written
form or via the internet, for example as an email or text
message.

In another preferred embodiment, the prognosis, diagno-
s1s, methods or test kit 1n line with the inventive teachings
contemplate the use of indirect immunotluorescence. The
person skilled in the art 1s familiar with such techniques and

the preparation of suitable samples, which are described in
the state of the art (U.S. Pat. No. 4,647,543; Voigt, .,

Krause, C., Rohwader, E, Saschenbrecker, S., Hahn, 1\/'.,,
Danckwardt M., Ferrer, C., Ens, K, Fechner, K Barth, E,
Martinetz, T., and Stocker, W (2012), Automated Indlrect
Immunoﬂuorescence Evaluation of Antinuclear Autoanti-
bodies on HEp-2 Cells,” Clinical and Developmental Immu-
nology, vol. 2012, do1:10.1155/2012/65105; Bonilla, E.,
Francis, L., Allam, F., et al., Immuno-fluorescence micros-
copy 1s superior to fluorescent beads for detection of anti-
nuclear antibody reactivity 1n systemic lupus erythematosus
patients, Clinical Immunology, vol. 124, no. 1, pp. 18-21,
2007). Suitable reagents, devices and software packages are
commercially available, for example from EUROIMMUN,
Libeck, Germany.

A sample may be subjected to a test to determine only
whether an autoantibody binding to DAGLA 1s present, but
it 1s preferred that diagnostic methods, tests, devices and the
like contemplate determining the presence of autoantibodies
to one or more additional polypeptides, preferably related to
neurological autoimmune diseases, preferably selected

from, more preferably all from the group comprising Hu, Yo,
Ri, CV2, PNMAI1, PNMA2, DNER/Tr, ARHGAP26,

ITPR1, ATP1A3, NBC1, Neurochrondrin, CARPVIII, Zic4,
Sox1, Ma, MAG, MPO, MBP, GAD®65, amphiphysin, recov-
erin, GABA A receptor (EP13189172.3), GABA B receptor
(EP2483417), glycine receptor, gephyrin, IglLON3S
(US2016/03492775), DPPX (US2015/024778477), aquaporin-
4, MOG, NMDA receptor, AMPA receptors, GRM1, GRMS,
LGI1, VGCC und mGluR1 and CASPR2, which antigens
are preferably immobilized, for example on a medical device
such as a line blot. The diagnostically relevant markers

Neurochrondrin (EP15001186), ITPR1 (EP14003703.7),
NBC1 (EP14003958.7), ATP1A3, also referred to as alpha 3
subunit of human neuronal Na(+)/K(+) ATPase
(EP14171561.5), Flotillinl/2 (EP3101424), NSF, STXIB
and VAMP2 (EP170012035.8) and RGS8 (EP17000666.2),

autoantibodies to one or more of which, preferably all, may
be detected 1n addition, have been described 1n the state of
the art.

According to the teachings of the present invention, an
antibody, preferably an autoantibody binding to the mnven-
tive polypeptide used for the diagnosis of a disease 1s
provided. The person skilled in the art 1s familiar with

methods for purifying antibodies, for example those
described 1n Hermanson, G. T., Mallia, A. K., and Smuith, P.

K. (1992), Immobilized Aflimty Ligand Techniques, San
Diego: Academic Press. Briefly, an antigen binding specifi-
cally to the antibody of interest, which antigen 1s the
inventive polypeptide, 1s immobilized and used to purily, via
allinity chromatography, the antibody of interest from an
adequate source. A liquid sample comprising antibodies
from a patient suflering from the neurological disorder
identified by the mventors may be used as the source.
According to the mvention, an antibody, for example an
autoantibody, 1s provided that 1s capable of binding specifi-

cally to DAGLA. Vice versa, a variant of DAGLA binds
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specifically to an autoantibody binding specifically to
DAGLA. In a preferred embodiment, the term “antibody”,
as used herein, refers to any immunoglobulin-based binding
moieties, more preferably one comprising at least one
immunoglobulin heavy chain and one immunoglobulin light
chain, including, but not limited to monoclonal and poly-
clonal antibodies as well as variants of an antibody, 1n
particular fragments, which binding moieties are capable of
binding to the respective antigen, more preferably binding
specifically to 1t. In a preferred embodiment, the term
“binding specifically”, as used herein, means that the bind-
ing 1s stronger than a binding reaction characterized by a
dissociation constant of 1x10™> M, more preferably 1x107’
M, more preferably 1x10~® M, more preferably 1x107" M,
more preferably 1x107'° M, more preferably 1x10™"" M,
more preferably 1x107'* M, as determined by surface plas-
mon resonance using Biacore equipment at 25° C. 1n PBS
bufler at pH 7. The antibody may be part of an autoantibody
preparation which 1s heterogeneous or may be a homog-
enous autoantibody, wherein a heterogeneous preparation
comprises a plurality of different autoantibody species as
obtainable by preparation from the sera of human donors, for
example by aflinity chromatography using the immobilized
antigen to purily any autoantibody capable of binding to said
antigen. The antibody may be glycosylated or non-glycosy-
lated. The antibody may be a recombinant and/or monoclo-
nal mammalian antibody, preferably an animal which 1s not
a human. The antibody may be an antibody binding specifi-
cally against SEQ ID NO 26 or SEQ ID NO 28, preferably
SEQ ID NO28. The person skilled in the art 1s familiar with
methods that may be used for the identification, production
and purification of antibodies and variants thereof, for
examples those described 1n EP 2 423 226 A2 and references
therein. Preferably the antibody 1s purified and/or recombi-
nant. Preferably the antibody 1s bound to the diagnostically
usetul carrier.

The present invention provides a method for 1solating an
autoantibody binding to DAGLA, comprising the steps a)
contacting a sample comprising the antibody with the inven-
tive polypeptide such that a complex 1s formed, b) 1solating,
the complex formed 1n step a), ¢) dissociating the complex
1solated 1n step b), and d) separating the antibody from the
inventive polypeptide. A sample from a patient suflering
from the novel neurological disorder 1dentified by the inven-
tors may be used as the source of antibody. Suitable methods
are described in the state of the art, for example 1n the
Handbooks “Afthnity chromatography”, “Strategies for Pro-
tein Purification™ and “Antibody Purification™ (2009/2010),
published by GE Healthcare Life Sciences, and in Philips,
Terry, M., Analytical techniques 1n immunochemaistry, 1992,
Marcel Dekker, Inc.

The invention provides a pharmaceutical composition
comprising the iventive polypeptide, which composition 1s
preferably suitable for administration to a subject, preferably
a mammalian subject, more preferably to a human. Such a
pharmaceutical composition may comprise a pharmaceuti-
cally acceptable carrier. The pharmaceutical composition
may, for example, be administered orally, parenterally, by
inhalation spray, topically, by eyedrops, rectally, nasally,
buccally, vaginally or via an implanted reservoir, wherein
the term “parentally”, as used herein, comprises subcutane-
ous, Intracutaneous, mtravenous, mtramuscular, intra-articu-
lar, intrasynovial, instrasternal, intrathecal, intralesional and
intracranial injection or infusion techniques. The pharma-
ceutical composition may be provided in suitable dosage
forms, for example capsules, tablets and aqueous suspen-
s1ons and solutions, preferably 1n sterile form. It may be used
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in a method of treatment of a disease, which method
comprises administering an effective amount of the inven-
tive polypeptide to a subject. In a preferred embodiment, the
invention provides a vaccine comprising the mventive poly-
peptide, optionally comprising an auxiliary agent such as an
adjuvans or a bufler, and the use of the inventive polypeptide
for the preparation of a vaccine.

Within the scope of the present invention, a medical or
diagnostic device comprising, preferably coated with a
reagent for detecting the inventive (auto)antibody and/or the
inventive polypeptide 1s provided. Preferably such a medical
or diagnostic device comprises the inventive polypeptide 1n
a form that allows contacting it with an aqueous solution,
more preferably the liquid human sample, 1n a straightior-
ward manner. In particular, the inventive polypeptide com-
prising may be immobilized on the surface of a carrier,
preferably selected from the group comprising glass plates
or slides, biochips, microtiter plates, beads, for example
magnetic beads, apharesis devices, chromatography col-
umns, membranes or the like. Exemplary medical devices
include line blots, microtiter plates, glass slides for micros-
copy, beads, preferably magnetic beads, and biochips. In
addition to the mventive polypeptide, the medical or diag-
nostic device may comprise additional polypeptides, for
example positive or negative controls such as samples
comprising or not comprising an antibody binding to the
polypeptide of interest, or known other antigens binding to
autoantibodies of diagnostic value, particularly those related
other diseases associated with one or more identical or
similar symptoms.

The inventive teachings provide a kit, preferably for
diagnosing a disease. Such a kit may comprise instructions
detailing how to use the kit and a means for contacting the
inventive polypeptide with a bodily fluid sample from a
subject, preferably a human subject, for example a line blot,
wherein the inventive polypeptide 1s immobilized on the line
blot. Furthermore, the kit may comprise a positive control,
for example a batch of autoantibody or recombinant anti-
body known to bind to the polypeptide according to the
present invention, preferably against SEQ ID NO 26 and/or
SEQ ID NO28, and a negative control, for example a protein
having no detectable aflinity to the inventive polypeptide
such as bovine serum albumin. Finally, such a kit may
comprise one or more standard solutions, also referred to as
calibrator, of an antibody binding to DAGLA, preferably
SEQ ID NO 26 and/or SEQ ID NO28, preferably with a
known absolute or relative concentration, for preparing a
calibration curve. Preferably the kit comprises two calibra-
tors, wherein the first calibrator has a concentration of the
antibody that 1s no more than 50, 40, 30, 20, 10 5, 2.5 or 1%
of the concentration of the antibody 1n the second calibrator.
In a preferred embodiment, a device comprising the diag-
nostically useful carrier 1s calibrated by detecting the anti-
body concentration in at least two calibrators and obtaining
a concentration value for each calibrator, preterably three,
four or five or more calibrators, followed by setting up a
standard calibration curve.

In a preferred embodiment, the kit comprises a means for
detecting an autoantibody binding to the mnventive polypep-
tide, preferably by detecting a complex comprising the
inventive polypeptide and an antibody binding to the inven-
tive polypeptide. Such means 1s preferably an agent that
binds to said complex and modifies the complex or carries
a label such that makes the complex detectable. For
example, said means may be a labeled antibody binding to
said polypeptide, at a binding site other than the binding site
recognized by the primary antibody or to a constant region
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of the primary antibody. Alternatively, said means may be a
secondary antibody binding to the constant region of the
autoantibody, preferably a secondary antibody specific for
mammalian IgG class of antibodies. A multitude of methods
and means for detecting such a complex have been described
in the state of the art, for example 1n Philips, Terry, M.,
Analytical techniques in immunochemistry, 1992, Marcel
Dekker, Inc.

DAGLA or a variant thereof may be produced or provided
in the form of a cell comprising and/or expressing a nucleic
acid encoding said polypeptide. If a nucleic acid comprising
a sequence that encodes for the inventive polypeptide or
variant thereol 1s used, such a nucleic acid may be an
unmodified nucleic acid. In a preferred embodiment, the
nucleic acid 1s a nucleic acid that, as such, does not occur 1n
nature and comprises, compared to natural nucleic acid, at
least one modification, for example an 1sotopic content or
chemical modifications, for example a methylation,
sequence modification, label or the like indicative of syn-
thetic origin. In a preferred embodiment, the nucleic acid 1s
a recombinant nucleic acid or part or a nucleic acid, and 1s,
in a more preferred embodiment, part of a vector, 1n which
it may be functionally linked with a promoter that allows for
expression, preferably overexpression of the nucleic acid.
The person skilled in the art 1s familiar with a variety of
suitable vectors, ol which are commercially available, for
example from Origene. For example, a vector encoding for
fusion constructs with a C-terminal GFP may be used. The
cell may be a eukaryotic or prokaryotic cell, preferably of
cukaryotic cell, such as a veast cell, and 1s more preferably
a mammalian, more preferably a human cell such as a
HEK293 cell. Examples of a mammalian cell include a
HEK293, CHO or COS-7 cell. The cell comprising the
nucleic acid encoding for the inventive polypeptide may be
a recombinant cell or an 1solated cell wherein the term
“1solated” means that the cell 1s enriched such that, com-
pared to the environment of the wild type of said cell, fewer
cells of other differentiation or species or in fact no such
other cells are present. In a preferred embodiment, the vector
encodes for a polypeptide comprising SEQ ID NO 26 and/or

SEQ ID NO28, preferably SEQ ID NO28.

In a preferred embodiment, the medical device according,
to the present invention, preferably a slide suitable for
microscopy, comprises one or more, preferably all reagents
from the group comprising a first eukaryotic cell expressing,
preferably overexpressing DAGLA or a variant thereof, a
cukaryotic, preferably mammalian tissue expressing endog-
enous DAGLA such as rat or primate cerebellum, a second
cukaryotic cell, which 1s the same type of cell as the first
cukaryotic cell, but does not express or overexpress
DAGLA. The first and the second eukaryotic cell are cul-
tured cells derived from an 1solated cell line such as
HEK?293. Preferably, the first and the second cell are each
transfected with a vector sharing the same backbone,
wherein the vector used to transfect the first cell comprises
a nucleic acid encoding DAGLA or a vanant thereof and the
vector used to transfect the second cell does not comprise
DAGLA or a vaniant thereof. The second cell may serve as
a negative control. The reagents may be spatially separate on
the medical device, such that they may be evaluated inde-
pendently, with no antigen from one reagent contaminating,
another. In a more preferred embodiment, the first and/or the
second cell 1s a fixed cell, for example fixed using methanol
or acetone. Protocols for fixing cells are described in the
state of the art. As an additional reagent, a secondary labeled
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antibody, preferably labeled with a fluorescent dye may be
provided. The reagents and the medical device may be part
of a kat.

In a preferred embodiment, a microtiter plate, membrane,
blot such as dot blot or line blot 1s used to carry out the
diagnostic method according to the invention. The person
skilled 1n the art 1s familiar with the experimental setup of
a line blot, which 1s described 1n the state of the art (Raoult,
D., and Dasch, G. A. (1989), The line blot: an immunoassay
for monoclonal and other antibodies. Its application to the
serotyping ol gram-negative bacteria. J. Immunol. Methods,
125 (1-2), 57-65; W0O2013041540). If the medical device 1s
a line blot, it may comprise DAGLA or a vaniant thereof
immobilized on a membrane, preferably 1n the shape of a
test stripe. The membrane may comprise one or more
additional antigens, spatially separated from DAGLA. The
membrane may comprise a control band indicating addition
of the sample such as a blood sample and/or a control band
indicating addition of a secondary antibody. A kit may
comprise any component, preferably all from the group
comprising the line blot, a secondary antibody and a wash-
ing solution.

In another preferred embodiment, the medical device 1s a
microtiter plate comprising at least 8 wells. At least one of
the wells 1s directly or indirectly coated with DAGLA or a
variant thereof. At least 3, preferably 4, more preferably 5
calibrators are provided that comprise an antibody to
DAGLA at a defined concentration and may be used to set
up a calibration curve for semi-quantitative analysis. A
secondary antibody comprising an enzymatically active
label may be provided. A kit may comprise any component,
preferably all from the group comprising the microtiter
plate, the calibrators, a washing solution and the secondary
antibody.

In another preferred embodiment, the medical device 1s a
bead coated directly or indirectly with DAGLA or a variant
thereof. The bead may be selected from the group compris-
ing a magnetic bead and a fluorescent bead. A secondary
antibody comprising a label capable or chemiluminescence
or fluorescence may be provided. A positive control com-
prising an antibody to DAGLA may be provided. At least 3,
preferably 4, more preferably 5 calibrators may be provided
that comprise an antibody to DAGLA at a defined concen-
tration and may be used to set up a calibration curve for
semi-quantitative analysis. If the label 1s capable of gener-
ating chemiluminescence, a solution may be provided that
comprises additional components required for the chemilu-
minscence reaction. For example, if the label 1s an enzyme,
the solution comprises substrates. I the label 1s a compound
capable of generating chemiluminescence such as an acri-
dinium ester, additional compounds required for the reaction
are provided in the solution. A kit may comprise any
component, preferably all from the group comprising the
bead, the secondary antibody, the calibrators, a washing
solution and the solution comprising additional components.

The inventive teachings may not only be used for a
diagnosis, but also for preventing or treating a disease, more
specifically a method for preventing or treating a disease,
comprising the steps a) reducing the concentration of
autoantibodies binding to the mventive polypeptide 1n the
subject’s blood and/or b) administering one or more 1mmu-
nosuppressive  pharmaceutical substances, preferably
selected from the group comprising rituximab, prednisone,
methylprednisolone, cyclophosphamide, mycophenolate-
mofetil, intravenous 1mmunoglobulin, tacrolimus,
cyclosporine, methotrexate, azathioprine and/or the pharma-
ceutical composition.
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In a preferred embodiment, the present invention provides
a use ol a reagent for the detection of an autoantibody to
DAGLA or a reagent binding to such autoantibody, or of a
nucleic acid encoding DAGLA or the variant or a nucleic
acid hybndizing specifically to a nucleic acid encoding
DAGLA or a vector or cell comprising said nucleic acid for
the manufacture of kit for the diagnosis of a disease.

In a preferred embodiment, any method or use according
to the present invention may be mtended for a non-diagnos-
tic use, 1.€. determining the presence of an autoantibody to
binding to DAGLA for a use other than diagnosing a patient.
For example, the method or use may be for testing 1n vitro
the efliciency of a medical device designed to remove an
autoantibody from a patient’s blood, wherein the testing 1s
performed on a liquid other than patient’s blood. After the
use ol the medical device with a patient, its capacity to
remove autoantibody may be checked by running a solution
comprising antibody to DAGLA through the device, fol-
lowed by use of the method according to the present
invention to confirm that less or no antibody i1s 1n the
solution that has been passed through the device, 1.e. show-
ing that the device has still the capacity to remove antibody
from the solution.

In another preferred embodiment, the method may be for
confirming the reliability of a diagnostic assay and may
involve detecting an antibody to DAGLA 1n a solution,
which 1s not a sample from a patient, but 1s known to
comprise an antibody to DAGLA, preferably at a known
concentration. Alternatively, the solution may be a negative
control not comprising the antibody to check the back-
ground. Such method may be run 1n parallel with, after or
betfore a diagnostic method. In a preferred embodiment, any
method or use according to the present mnvention may be
intended for generating an autoantibody profile, preferably
for detecting a disease 1n a mammal, preferably a human. In
a preferred embodiment, any method or use may be for
detecting disease-associated markers in a sample from neu-
rological disease patients.

In a preferred embodiment, any method or use according
to the present invention may be for identifying a subject at
risk of suflering from or developing a neurological disease
and/or a tumor.

In a preferred embodiment, the present invention provides

an apparatus for analyzing a sample from a patient to detect
an autoantibody against DAGLA, preferably SEQ ID NO 26

and/or SEQ ID NO 28, indicating an increased likelithood of
a disease or of developing a disease, comprising:

a. a carrier, which contains a means for capturing the
autoantibody from the sample when the sample 1is
contacted with the carrier,

b. a detectable means capable of binding to the antibody
captured by the carrier when the detectable means 1s
contacted with the carrier, wherein the detectable
means 1s a labeled secondary antibody capable of
binding to the antibody captured on the carrier,

c. optionally a means for removing any sample from the
carrier and the detectable means, preferably by wash-
112,

d. a detecting device for detecting the presence of the
detectable means and converting the results mto an
clectrical signal, and

optionally a means for receiving the electronical signal from
the detecting device and determining 11 the level of the signal
1s 1ndicative of an increased likelihood of having or devel-
oping a disease, by comparing with the level of signal
detected 1n the background or an input reference value
obtained with samples from healthy subjects or by compar-
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ing the level of signal obtained with one sample with the
level of signal obtained with a second sample obtained at a
later time point, preferably at least one month later.

FIG. 1 shows the results of indirect immunofluorescence
assays ol sera from patients P1 to P35 using permeabilized
cryosections of rat and primate cerebellum. Granular stain-
ing of the molecular layer was observed.

FIG. 2 shows immunoprecipitation of DAGLA from
homogenized rat cerebellum using patient sera followed by
Western Blot analysis using patient sera as antibody source
(Al), Coomassie-stained SDS PAGE (A2), Western Blot
using a commercial recombinant antibody binding to
DAGLA (A3). Furthermore, the patients’ samples were
tested by indirect immunofluorescence using transiected
HEK?293 cells expressing DAGLA. Patients’ sera reacted

ith the DAGLA-expressing cells (B1). In contrast, mock-
transiected cell did not demonstrate any specific antibody
binding (B2).

FIG. 3 shows the results of immunofluorescence on rat
and primate cerebellum using autoantibodies from patients
that were or were not pre-incubated with DAGLA. The
reaction of the patients” auto-antibodies on tissue could be
abolished by pre-incubation with HEK293 lysate containing
DAGLA (SEQ ID NO 4) (FIG. 3A). Antibody binding was
unaflected when a comparable fraction from mock-trans-
tected HEK293 cells was used.

Indirect immunofluorescence with rat and primate cer-
cbellum tissue using patient serum and a specific polyclonal
ant1-DAGLA antibody (Sigma-Aldrich, Germany) revealed
an exact overlap of the molecular layer staining (FIG. 3B).

FIG. 4 shows an ELISA analysis of eight positive patient
sera comprising autoantibodies to DAGLA using six differ-
ent fragments of human DAGLA. Two fragments (383-1042
and 123-136) yielded positive results.

The present application comprises a range of sequences,
more specifically:

(cDNA encoding human DAGLA)
SEQ ID NO 1

atgcccecgggatcecgtggtgttecggeggegetggtetgtgggcagtgat
gacctcgtcectaccagceccatcettectetttcectectgecataccacctgg
tttgtgatcctgtcecgtggtgetcetteggectggtetataacccgceac
gaggcctgctcececctgaacctggtggaccacggecgeggctaccectggge
atcctgctgagctgcatgategcectgagatggecatcatetggetgage
atgcgcecgggggcatcectctacacggagecccegtgactecatgecagtac
gtgctctacgtgcgectggceccatectggtgatcgagttecatctacgec
atcgtgggcatcgtctggctcactcagtactacacctectgcecaacgac
ctcactgccaagaatgtcacccteggaatggttgtetgcaactgggta
gtcatcctcagtgtgtgcatcactgtcectetgegtettegaccccacy
ggccgcacctttgtcaagctgagagcecaccaagaggaggcagegtaac
ctgcggacctacaacctgcecggcaccegcttagaggagggtcaagcecacce
agctggtcgcgcecggctcaaagtgttectectgetgecacgeggacgaayg
gactcccagtcagatgcecctactcagaaatcecgectacctetttgeggag
ttcttecgggaccttgacattgtgecatceccgacatcattgetggectyg
gtgctgctecggcagecggcagoegggccaagecgcaacgeoegtgetggac

gaggcaaacaatgacatcttggcecttectgtetgggatgecggtgacce
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-continued

agaaacaccaagtacctcgacctcaagaattcacaagagatgctcecgce
tacaaagaggtctgctactacatgctetttgecocctggetgectacggy
tggcccatgtacctgatgcecggaageccgectgeggectetgecaactyg
gctcggtectgcectegtgttgectgtgtectgegaggecgeggttegec
cctggagtcaccatcgaggaagacaactgcectgtggetgtaatgecatt
gccatccggegcecacttectggacgagaacatgactgeggtggacatce
gtctatacctcectgeccatgatgeggtctatgaaacgecccttetacgtyg
gcggtggaccatgacaagaagaaagtggtgatcagtatoccgggggacce
ctgtcceccccaaggatgecctgactgacctgacgggtgatgetgagegce
ctcececegtggaggggcaccacggcacctggetgggecacaagggtatyg
gtcctcectcagectgagtacatcaagaagaaactggagcaggagatggte
ctgtcccaggectttgggcgagacctgggoecgoeggaaccaaacactac
ggcctgattgtggtgggccactecctgggegegggcactgetgecate
ctctecttecttetgegeccacagtatecgaccctcaagtgetttgec
tactccccecgecagggggcectgetgagtgaggatgcaatggagtattcc
aaggagttcgtgactgctgtggttctgggcaaagacctegtecccagy
attggcctctctcagetggaaggcttcecoegcagacagcetectggatgte
ctgcagcgaagcaccaagcccaaatggoeggatcategtgggggcecacc
aaatgcatccccaagtcggagcetgectgaggaggtagaggtgaccacce
ctggccagcacgcggctcectggacccaccocccagegacctaactatagec
ctctcagccagcactceccactcectaccogeccggecgecatcatecacgtyg
gtccacaaccaccctgcagagcagtgcetgetgetgtgagcaggaggag
cccacatactttgccatctggggcegacaacaaggcecttcaatgaggty
atcatctcgceccageccatgectgcatgagcacctgeccectatgtggtcecatyg
gaggggctcaacaaggtgctggagaactacaacaaggggaagaccgcet
ctgctcetcectgecagecaaggtcatggtgagecctaccgaggtggacctyg
actcctgagcectcatcttccagcagcagcecactceccccacggggecgecc
atgcccactggecttgeccctggagectgoecgactgcagaccaccgcaac
agcagcgtcaggagcaagtcccagtctgagatgagectggagggettc
t cggaggggcggctgctgtegecagtggttgecggeggeggoeccgocag
gacccggtggagcetgcetgcetgetgtectacccaggageggetggeggeg
gagctgcaggcccecggecgggcaccactggceccaccatggagagecteteg
gacactgagtccctgtacagcettcecgactegegecgetectcaggette
cgcagcatccggggctceccccagectceccacgetgtgectggagegtgat
gaaggccacctcttctacattgaccectgeccateccccgaggaaaaccca
tccctgagetogegecactgagetgetggeggecgacagectgtecaayg
cactcacaggacacgcagcccctggaggeggoecctgggcagtggegygc
gtcactcctgagcecggcecccccagtgectgeggceccaatgacgaggaggaa
gaggttggcggtgggggtggcgggcecggectcecceccgeggggagetggceyg

ctgcacaatgggcgcectgggggactcoegceccagtectcaggtgetggaa
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-continued
ttcgeccgagttcatecgacagectettcaacctggacagcaagagcagc

tcctteccaagacctcectactgecatggtggtgeccgagagecccaccagt
gactacgctgagggccccaagtcecccccagecagcaagagatectgete
cgtgcccagttcecgageccaacctggtgeccaagececccacggetettt
gccecggcectcagecgaccectectegggcatetcactetegecctectte
ccgctcecagetectegggtgagetcatggacctgacgeccacgggecte
agtagccaggaatgcecctggcggctgacaagatccggacttctacccecce
actggccacggagccagocccgcoccaagcaagatgagetggtecatcectcea
gcacgctag

|sense DAGLA primer for amplifying cDNA]

SEQ ID NO 2

ATACGTCTCACATGCCCOGGGATCOETGETGTTCCGG

lantisense DAGLA-Stop primer for amplifying cDNA]

SEQ ID NO 3

ATACGTCTCCTCGAGCTAGCGTGCTGAGATGACCAGCTC

(DAGLA as expressed in HEK293)

SEQ ID NO 4

MPGIVVEFRRRWSVGSDDLVLPAIFLFLLHTTWEVILSVVLEGLVYNPH
EACSLNLVDHGRGYLGILLSCMIAEMAI IWLSMRGGILYTEPRDSMQY
VLYVRLAILVIEFIYAIVGIVWLTQYYTSCNDLTAKNVTLGMVVCNWY
VILSVCITVLCVEDPTGRTFVKLRATKRRORNLRTYNLRHRLEEGQAT
SWSRRLKVEFLCCTRTKDSQSDAYSEIAYLFAEFFRDLDIVPSDIIAGL
VLLRORORAKRNAVLDEANNDILAFLSGMPVTRNTKYLDLKNSQEMLR
YKEVCYYMLFALAAYGWPMYLMRKPACGLCQLARSCSCCLCPARPREA
PGVTIEEDNCCGCNAIAIRRHFLDEMNITAVDIVYTSCHDAVYETPEY
VAVDHDKKEKVVISIRGTLSPKDALTDLTGDAERLPVEGHHGTWLGHKG
MVLSAEYIKKKLEQEMVLSQAFGRDLGRGTKHYGLIVVGHSLGAGTAL
ILSFLLRPOQYPTLKCFAYSPPGGLLSEDAMEY SKEFVTAVVLGKDLVP
RIGLSQLEGFRROLLDVLORSTKPKAVRIIVGATKCIPKSELPEEVEV
TTLASTRLWTHPSDLTIALSASTPLYPPGRIIHVVHNHPAEQCCCCEQ
EEPTYFAIWGDNKAFNEVIISPAMLHEHLPYVVMEGLNKVLENYNKGK
TALLSAAKVMVSPTEVDLTPELIFQQOPLPTGPPMPTGLALELPTADH
RNSSVRSKSQSEMSLEGESEGRLLSPVVAAAARQDPVELLLLSTQRERL
AABRLOQARRAPLATMESLSDTESLYSEDSRRSSGEFRS IRGSPSLHAVLE
RDEGHLFEFYIDPAIPEENPSLSSRTELLAADSLSKHSQDTQPLEAALGS
GGVTPERPPSAAANDEEEEVGGGGGEGPASRGELALHNGRLGDSPSPQV
LEFAEFIDSLEFNLDSKSSSFOQDLYCMVVPESPTSDYAEGPKSPSQQEL
LLRAQFEPNLVPKPPRLFAGSADPSSGISLSPSEFPLSSSGELMDLTPT
GLSSQECLAADKIRTSTPTGHGASPAKODELVISAR

|sense DAGLA|1-22] primer for c¢loning DAGLA
fragment]

SEQ ID NO 5

CATGCCCOGGGATCOTOGGTGTTCCOGCGGCGCTGGTCTGTGGGCAGTGA

TGACCTCGTCCTACCAGCCTAATGA
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lantisense DAGLA|[1-22] primer for cloning DAGLA

fragment]
SEQ 1D NO
TCGATCATTAGGCTGGTAGGACGAGGTCATCACTGCCCACAGACCAGC

GCCGCCGLAACACCACGATCCCGGG

|sense DAGLA|44-60]| primer for cloning DAGLA

fragment]
SEQ ID NO

CATGGTCTATAACCCGCACGAGGCCTGCTCCCTGAACCTGGTGGACCA
CGGCCGCTAATGA

lantisense DAGLA[44-60] primer for cloning DAGLA

fragment]
SEQ 1D NO
TCGATCATTAGCGGCCGTGGT CCACCAGGT TCAGGGAGCAGGCCTCGT

GCGGGTTATAGAC
|sense DAGLA|81-101] primer for cloning DAGLA
fragment]

SEQ 1D NO
CATGCGCOGOLGECATCCTCTACACGGAGCCCCOGTGACTCCATGCAGTA

CGTGCTCTACGTGCGCTAATGA

lantisense DAGLA|81-101] primer for cloning DAGLA
fragment]

SEQ ID NO 10

TCGATCATTAGCGCACGTAGAGCACGTACTGCATGGAGTCACGGGGCT
CCETGOGTAGAGGATGCCCCCGCG

|sense DAGLA|[123-136] primer for cloning DAGLA
fragment]

SEQ ID NO 11

CATGTACACCTCCTGCAACGACCTCACTGCCAAGAATGTCACCCTCTA
ATGA

lantisense DAGLA|[123-136] primer for cloning DAGLA
fragment]

SEQ ID NO 12

TCGATCATTAGAGGGTGACATTCTTGGCAGTGAGGTCGTTGCAGGAGG
TGTA

(H8-GST-DAGLA|1-22])

SEQ ID NO 13

MSHHHHHHHHMSPI LGYWKIKGLVOPTRLLLEYLEEKY EEHLYERDEG
DKWRNKKFELGLEFPNLPYYIDGDVKLTOSMAIIRY IADKHNMLGGCP
KERAETISMLEGAVLDIRYGVSRIAYSKDFETLKVDEFLSKLPEMLKMEE
DRLCHKTYLNGDHVTHPDFMLYDALDVVLYMDPMCLDAFPKLVCEFKKR
IEATPQIDKYLKSSKYIAWPLOGWOATEFGGGDHPPKLEVLEFQGPAMPG
IVVEFRRRWSVGSDDLVLPA

(H8-GST-DAGLA|44-60])

SEQ ID NO 14

MSHHHHHHHHMSPI LGYWKIKGLVOPTRLLLEYLEEKY EEHLYERDEG

DKWRNKKFELGLEFPNLPYYIDGDVKLTOSMAIIRY IADKHNMLGGCP

KERAEISMLEGAVLDIRYGVSRIAYSKDFETLKVDELSKLPEMLKMEE

DRLCHKTYLNGDHVTHPDFMLYDALDVVLYMDPMCLDAFPKLVCEFKKR

IEATPQIDKYLKSSKYIAWPLOGWOQATEFGGGDHPPKLEVLEFQGPAMVY

NPHEACSLNLVDHGR
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-continued

(H8-GST-DAGLA[81-101])

SEQ ID NO
MSHHHHHHHHMSP ILGYWKIKGLVOPTRLLLEYLEEKYEEHLYERDEG
DKWRNKKFELGLEFPNLPYYIDGDVKLTOSMAIIRY IADKHNMLGGCP
KERAEISMLEGAVLDIRYGVSRIAYSKDFETLKVDEFLSKLPEMLKMEE
DRLCHKTYLNGDHVTHPDEFMLYDALDVVLYMDPMCLDAFPKLVCEFKKR
IEAIPQIDKYLKSSKYIAWPLOGWOQATEFGGGDHPPKLEVLEFQGPAMRG
GILYTEPRDSMOYVLYVR
(H8-GST-DAGLA|123-136])

SEQ ID NO
MSHHHHHHHHMSPILGYWKIKGLVOQPTRLLLEYLEEKYEEHLYERDEG
DKWRNKKFELGLEFPNLPYYIDGDVKLTOQSMAIIRY IADKHNMLGGCP
KERAEISMLEGAYED IRYGVSRIAYSKDFETLKVDELSKLPEMLKMEE
DRLCHKTYLNGDHVIHPDFMLYDALDVVLYMDPMCLDAFPKLVCEFKKR
IEAIPQIDKYLKSSKYIAWPLOGWOATEFGGGDHPPKLEVLEQGPAMY T
SCNDLTAKNVTL
|sense DAGLA|[158-598]]

SEQ ID NO
ATACGTCTCGCATGGACCCCACGGGCCGCACCTTTGTCAAG
lantisense DAGLA|158-598]]

SEQ ID NO
TATCGTCTCOGTCGATCATTATGGAGTGCTGGC TGAGAGGGCTATAG
|sense DAGLA|583-1042]]

SEQ ID NO
ATACGTCTCGCATGTGGACCCACCCCAGCGACCTAACTATAGC
lantisense DAGLA|583-1042]]

SEQ ID NO
TATCGTCTCOGTCGATCATTAGCGTGCTGAGATGACCAGCTCATCTTG
(H8-DAGLA[158-598])

SEQ ID NO
MSHHHHHHHHSMDPTGRTEFVKLRATKRRORNLRTYNLRHRLEEGOQATS
WSRRLKVEFLCCTRTKDSQSDAYSEIAYLFAEFFRDLDIVPSDI IAGLYV
LLRORORAKRNAVLDEANNDI LAFLSGMPVTRNTKYLDLKNSQEMLRY
KEVCYYMLFALAAYGWPMY LMRKPACGLCOQLARSCSCCLCPARPREAP
GVTIEEDNCCGCNAIAIRRHFLDENMTAVDIVYTSCHDAVYETPEYVA
VDHDKKKVVISIRGTLSPKDALTDLTGDAERLPVEGHHGTWLGHKGMY
LSAEY I KKKLEQEMVLSQAFGRDLGRGTKHYGLIVVGHS LGAGTAATL
SFLLRPOQYPTLKCFAYSPPGGLLSEDAMEY SKEFVTAVVLGKDLVPRI
GLSQLEGFRROLLDVLORSTKPKWRI IVGATKCIPKSELPEEVEVTTL

ASTRILWTHPSDLTIALSASTP

(H8-DAGLA|583-1042])

15

lo

17

18

19

20

21

SEQ ID NO 22

MSHHHHHHHHSMWTHPSDLTIALSASTPLYPPGRIITHVVHNHPAEQCC

CCEQEEPTYFAIWGDNKAFNEVI ISPAMLHEHLPYVVMEGLNKVLENY

NKGKTALLSAAKVMVSPTEVDLTPELIFQQOQPLPTGPPMPTGLALELP

TADHRNSSVRSKSOQSEMSLEGEFSEGRLLSPVVAAAARQDPVELLLLST

QERLAAELOARRAPLATMESLSDTESLYSEFDSRRSSGFRSIRGSPSLH

AVLERDEGHLFYIDPAIPEENPSLSSRTELLAADSLSKHSQDTQPLEA
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ALCSCCVTPERPPSAAANDEEEEVGCCGCCGEPASRGELALHNGRLEDSP

SPOVLEFAEFIDSLENLDSKSSSEFQDLYCMVVPESPTSDYAEGPKSPS
QOEILLRAQFEPNLVPKPPRLEFAGSADPSSGISLSPSEFPLSSSGRELMD

LTPTGLSSQECLAADKIRTSTPTGHGASPAKODELVISAR

(H8-GST-DAGLA|1-22])

SEQ ID NO 23
MPGIVVFRRRWSVGSDDLVLPA
(H8-GST-DAGLA|44-60])

SEQ ID NO 24
VYNPHEACSLNLVDHGR
(H8-GST-DAGLA|81-101])

SEQ ID NO 25

MRGGILYTEPRDSMQYVLYVR

(H8-GST-DAGLA|123-136]), reactive with patient

sela

SEQ ID NO 26
YTSCNDLTAKNVTL
(DAGLA[158-598])

SEQ ID NO 27

TGRTFVKLRATKRRORNLRTYNLRHRLEEGOATSWSRRLKVELCCTRT
KDSOQSDAYSEIAYLFAEFFRDLDIVPSDIIAGLVLLRORORAKRNAVL
DEANNDILAFLSGMPVTRNTKYLDLKNSQEMLRYKEVCYYMLFALAAY
GWPMYLMRKPACGLCQLARSCSCCLCPARPREFAPGVTIEEDNCCGCNA
IAIRRHEFLDENMTAVDIVYTSCHDAVYETPEFYVAVDHDKKKVVISIRG
TLSPKDALTDLTGDAERLPVEGHHGTWLGHKGMVLSAEY IKKKLEQEM
VLSQAFGRDLGRGTKHYGLIVVGHSLGAGTAAILSFLLRPQYPTLKCE
AYSPPGGLLSEDAMEYSKEFVTAVVLGKDLVPRIGLSQLEGEFRROLLD
VLORSTKPKWRI IVGATKCIPKSELPEEVEVTTLASTRLWTHPSDLTI
ALSASTPPD

(DAGLA[583-1042]}), reactive with patient sera

SEQ ID NO 28
WTHPSDLTIALSASTPLYPPGRI IHVVHNHPAEQCCCCEQEEPTYFAT
WGDNKAFNEVIISPAMLHEHLPYVVMEGLNKVLENYNKGKTALLSAAK
VMVSPTEVDLTPELIFQQQPLPTGPPMPIGLALELPTADHRNSSVRSK
SQSEMSLEGFSEGRLLSPVVAAAARQDPVELLLLSTQERLAAELQARR
APLATMESLSDTESLYSEFDSRRSSGFRSIRGSPSLHAVLERDEGHLEY
IDPAIPEENPSLSSRTELLAADSLSKHSQDTQPLEAALGSGGVTPERP
PSAAANDEEEEVGGGGGGPASRGELALHNGRLGDSPSPOVLEFAEEFETID
SLENLDSKSSSFODLYCMVVPESPTSDYAEGPKSPSQQEILLRAQEFEP

NLVPKPPRLFAGSADPSSGISLSPSEFPLSSSGELMDLTPTGLSSQECL

AADKIRTSTPTGHGASPAKQDELVISAR

The present invention 1s further illustrated by the follow-
ing non-limiting examples from which further features,
embodiments, aspects and advantages of the present inven-
tion may be taken.
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Examples

SUMMARY

Methods:

Five patients (P1-P3) suflering from neurological condi-
tions underwent serological investigation. For this purpose,
sera from all five patients were subjected to comprehensive
autoantibody screening by indirect immunofluorescence
assay (IFA) and immunoblot. Immunoprecipitation with
lysates of cerebellum followed by mass spectrometry (MS)
was used to 1dentify the autoantigen, which was verified by
Western blot (WB) with monospeciic animal antibody
against the respective target antigen as well as by recombi-
nant expression in HEK293 cells and use of the recombinant
protein in immunoassays. Furthermore, sera of patients with
neurological symptoms and defined anti-neural autoantibod-
1es, sera with a similar staiming pattern as P1 to P5 without
known autoantibody reactivity, as well as negative control
sera were screened for ant1-DAGLA antibodies. Six different
fragments of the DAGLA protein were recombinantly
expressed 1n E. coli. Punified proteins were analyzed 1n
ELISA using anti-DAGLA positive patient sera and healthy
controls.

Results:

IFA screening of sera from P1 to P35 revealed I1gG reac-
tivity with the molecular layer 1n rodent and monkey cer-
cbellum. The dendrites of the purkinje cells are stained while
the purkinje cell somata do not react. Furthermore, no IgG
reactivity was found with a panel of 30 recombinantly
expressed established neural autoantigens. The sera of P1 to

P5 immunoprecipitated Snl-specific diacylglycerol lipase
alpha (DAGLA), as detected by Coomassie-stained SDS-

PAGE {followed by MALDI-TOF mass spectrometry. When
the immunoprecipitates were analyzed by Western blot
using a monospecific anmimal antibody against DAGLA,
ant1-DAGLA showed reactivity with the immunoprecipitate
of P1 to P5 while there was no reactivity in the immuno-
precipitates of five control sera. However, 1n the sera of P1
to PS5 as well as 1n seven additional patient sera (P6 to P12)
with a similar staining pattern on cerebellum anti-DAGLA
antibodies could be detected by RC-IFA with the recombi-
nant protein. Screening of healthy control sera without a
specific reaction in IIFT with neuronal tissues (n=51)
revealed no anti-DAGLA positive samples. ELISA using
recombinantly expressed fragments of the human DAGLA
protein revealed the main reactivity of the anti-DAGLA
positive sera with the c-terminal intracellular fragment.

Clinical data from two of the patients with anti1-DAGLA
autoantibodies were available. P11 suflered from cerebellitis
and P12 suffered from epilepsy and hippocampus sclerosis.
Patients

Control collectives included 51 healthy donors and 40
patients with neurological symptoms and defined anti-neural
autoantibodies (3x anti-CASPR2, 5x anti-NMDAR, 5x anti-
LGI1, 5x anti-Hu, 2x anti-Hu/ant1-R1 3x anti-R1, 2x anti-
Yo/anti-R1, 3x anti-Yo, Sx anti-AQP4, 5x anti-GAD®635, 2x
anti-GABAB receptor).

Indirect Immunofluorescence Assay (IFA)

IFA was conducted using slides with a biochip array of
brain tissue cryosections (hippocampus of rat, cerebellum of
rat and monkey) combined with recombinant HEK293 cells
separately expressing 30 different brain antigens Hu, Yo, Ri,

CV2, PNMA2, ITPR1, Homer 3, CARP VIII, ARHGAP26,
Z1C4, DNER/Tr, GAD65, GADG67, amphiphysin, recoverin,
GABA ; receptor, glycine receptor, DPPX, Igl.ON3J, gluta-
mate receptors (types NMDA, AMPA, mGIluR1, mGluR5,
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GLURD?2), LGI1, CASPR2, AQP4 (M1 and M23), MOG,
ATP1A3, NCDN (EUROIMMUN, FA 111a-1003-51, FA
1112-1003-50, FA-1128-1003-50, FA112d-1003-1, FA
112m-1003-50, FA 1151-1003-350, Miske R, Hahn S, Rosen-
kranz T, Miller M, Dettmann I M, Mindorf S, Denno Y,
Brakopp S, Scharf M, Teegen B, Probst C, Melzer N,
Meinck H M, Terborg C, Stocker W, Komorowski L., 2016,
Autoantibodies against glutamate receptor 02 after allogenic
stem cell transplantation. Neurol Neuroimmunol Neuroin-

flamm., 3(4):€255; Schart M, Miske R, Heidenreich F, Giess
R, Landwehr P, Blocker I M, Begemann N, Denno Y, Tiede
S, Daithnrich C, Schlumberger W, Unger M, Teegen B,
Stocker W, Probst C, Komorowski L., 2015, Neuronal Na+/
K+ ATPase 1s an autoantibody target in parancoplastic

neurologic syndrome, Neurology; 84(16):1673-9; Miske R,
Gross C C, Scharf M, Golombeck K S, Hartwig M, Bhatia

U, Schulte-Mecklenbeck A, Bonte K, Strippel C, Schols L,
Synolizik M, Lohmann H, Dettmann I M, Deppe M, Mindort
S, Warnecke T, Denno Y, Teegen B, Probst C, Brakopp S,
Wandinger K P, Wiendl H, Stocker W, Meuth S G,
Komorowski L., Melzer N, 2016, Neurochondrin 1s a neu-
ronal target antigen 1n autoimmune cerebellar degeneration,
Neurol Neuroimmunol Neuromntlamm.; 4(1):¢307)). Each
biochip mosaic was incubated with 70 ulL of PBS-diluted
sample at room temperature for 30 min, washed with PBS-
Tween and immersed 1n PBS-Tween for 5 min. In the second
step, either Alexa488-labelled goat anti-human IgG (Jackson
Research, Sufiolk, United Kingdom), or fluorescein 1soth-
iocyanate (FITC)-labelled goat anti-human IgG (EUROIM-
MUN Medizinische Labordiagnostika AG, Libeck) were
applied and incubated at room temperature for 30 muin.
Slides were washed again with a flush of PBS-Tween and
then immersed 1n PBS-Tween for 5 min. Slides were embed-
ded in PBS-buflered, DABCO containing glycerol (approxi-
mately 20 ul. per field) and examined by fluorescence
microscopy. Positive and negative controls were included.
Samples were classified as positive or negative based on
fluorescence 1ntensity of the transiected cells i direct com-
parison with non-transiected cells and control samples.
Endpoint titers refer to the last dilution showing visible
fluorescence.

Results were evaluated by two independent observers
using a EUROSTARII microscope (EUROIMMUN
Medizinische Labordiagnostika AG, Liibeck, Germany).
Reagents were obtained from Merck, Darmstadt, Germany
or Sigma-Aldrich, Heidelberg, Germany 1f not specified
otherwise.

Immunoblot

Immunoprecipitated cerebellum lysate were incubated
with NuPage LDS sample builer (ThermoFisher Scientific,
Schwerte, Germany) containing 25 mmol/L dithiothreitol at
70° C. for 10 minutes, followed by SDS-PAGE (NuPAGE,
ThermoFisher Scientific, Schwerte, Germany). Separated
proteins were electro-transierred onto a nitrocellulose mem-
brane by tank blotting with transter bufler (ThermoFisher
Scientific) according to the manufacturer’s mstructions. The
membranes were blocked with Universal Blot Bufler plus
(EUROIMMUN Medizinische Labordiagnostika AG,
Liibeck) for 15 min and incubated with the patient or control
sera (dilution 1:200) or monospecific rabbit antibody against
DAGLA (Sigma Aldrich, HPA0624977, 1:2,000) 1n Universal
Blot Builer plus for 3 hours, followed by 3 washing steps
with Universal Blot Bufler (EUROIMMUN Medizinische
Labordiagnostika AG, Liibeck), a second incubation for 30
min with anti-human-IgG-AP (EUROIMMUN Medizinis-
che Labordiagnostika AG, Liibeck, 1:10) or anti-rabbit-IgG-
AP (1:2,000) 1n Universal Blot Bufler plus, 3 washing steps,
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and staining with NBT/BCIP substrate (EUROIMMUN
Medizinische Labordiagnostika AG, Liibeck). Reagents
were obtained from Merck, Darmstadt, Germany or Sigma-
Aldrich, Heidelberg, Germany 1f not specified otherwise.
Identification of the Antigens

Cerebellum from rat was dissected and shock-frozen 1n

liquid mitrogen. The tissues were homogenised 1n solubili-
zation bufler (100 mmol/LL tris-HCI1 pH 7.4, 150 mmol/L

sodium chloride, 2.5 mmol/LL ethylenediamine tetraacetic
acid, 0.5% (w/v) sodium deoxycholate, 1% (w/v) Triton
X-100) containing protease inhibitors (Complete mini,
Roche Diagnostics, Penzberg, Germany) with a Miccra D-8
(Roth, Karlsruhe, Germany) and a hand homogemzer (Sar-
tortus, Gottingen, Germany) at 4° C. The tissue lysates were
centrifuged at 21,000xg at 4° C. for 15 min and clear
supernatants were incubated with patient’s serum (diluted
1:16,7) at 4° C. overnight. The samples were then incubated
with Protein G Dynabeads (ThermoFisher Scientific, Dreie-
ich, Germany) at 4° C. for 3 h to capture immunocomplexes.
Beads were washed 3 times with PBS, and eluted with
NuPage LDS sample bufler (ThermoFisher Scientific,
Schwerte, Germany) containing 25 mmol/L dithiothreitol at
70° C. for 10 min. Carbamidomethylation with 359 mM
iodoacetamide (Bio-Rad, Hamburg, Germany) was per-
formed prior to SDS-PAGE (NuPAGE, ThermoFisher Sci-
entific, Schwerte, Germany). Separated proteins were visu-
alized with Coomassie Brilliant Blue (G-250) (Merck), and
identified by mass spectrometric analysis.

Mass Spectrometry

Visible protein bands were excised from Coomassie Bril-
liant Blue G-250 stained gels. After destaining and tryptic
digestion peptides were extracted and spotted with a-cyano-
4-hydroxycinnamic acid onto an MTP AnchorChip™ 384
1T target.

MALDI-TOF/TOF measurements were performed with
an Autotlex III smartbeam TOF/TOF200 System using flex-
Control 3.4 software. MS spectra for peptide mass finger-
printing (PMF) were recorded in positive 1on reflector mode
with 4,000-10,000 shots and 1n a mass range from 600 Da to
4,000 Da. Spectra were calibrated externally with the com-
mercially available Peptide Calibration Standard II, pro-
cessed with flexAnalysis 3.4 and peak lists were analyzed
with BioTools 3.2.

The Mascot search engine Mascot Server 2.3 (Matrix
Science, London, UK) was used for protein identification by
searching against the NCBI or SwissProt database limited to
Mammalia. Search parameters were as follows: Mass toler-
ance was set to 80 ppm, one missed cleavage site was
accepted, and carbamidomethylation of cysteine residues as
well as oxidation of methionine residues were set as fixed
and variable modifications, respectively. To evaluate the
protein hits, a significance threshold of p<t0.05 was chosen.

For further confirmation of the PMF hits two to five
peptides of each 1dentified protein were selected for MS/MS
measurements using the WARP feedback mechanism of
BioTools. Parent and fragment masses were recorded with
400 and 1000 shots, respectively. Spectra were processed
and analyzed as described above with a fragment mass

tolerance of 0.7 Da.
Recombinant Expression of DAGLA in HEK293

The cDNA encoding human DAGLA (SEQ ID NO 1) was
obtained from Source BioScience UK Limited as clone

IRATp970E05140D. By PCR the coding sequence was
amplified using the primers sense DAGLA (SEQ ID NO 2)
and antisense DAGLA (SEQ ID NO 3). The amplification

products were digested with BsmBI and ligated with Ncol
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and Xhol linearized plIriEx-1 (Merck, Darmstadt, Ger-
many). The resulting construct coded SEQ ID NO 4.

DAGLA was transiently expressed 1n the human cell line
HEK?293 {ollowing PEI-mediated transfection (Exgene
500), according to the manufacturer’s mnstructions (Biomol
GmbH, Hamburg, Germany). The cells were harvested 5
days after transiection and lysed by ultrasound. The lysates
were stored 1n aliquots at —80° C. until further use.
Recombinant Expression of DAGLA-Fragments 1n E. coli

For the expression of DAGLA fragments spanning amino
acid residues 1 to 22, 44 to 60, 81 to 101, and 123 to 136 the
coding sequence was generated by hybridization of oligode-
oxynucleotides sense DAGLA[1-22] and antisense DAGLA
[1-22] (SEQ ID NO 5 and 6), sense DAGLA[44-60] and
antisense DAGLA[44-60] (SEQ ID NO 7 and 8), sense
DAGLA[81-101] and antisense DAGLA[81-101] (SEQ ID
NO 9 and 10) and sense DAGLA[123-136] and antisense
DAGLAJ123-136] (SEQ ID NO 11 and 12).

The linker fragments were fused to the octa Histidine
(H8) tag and glutathione S-transierase (GST) tag coding
sequence by ligation into a modified pET24d (Merck, Darm-
stadt, Germany) plasmid vector. These constructs encode
H8-GST-DAGLA[1-22] (SEQ ID NO 13), HS8-GST-
DAGLA[44-60] (SEQ ID NO 14), H8-GST-DAGLA[81-
101] (SEQ ID NO 15) and H8-GST-DAGLA[123-136]
(SEQ ID NO 16) respectively.

The DAGLA[158-598] and DAGLA[583-1042] coding
sequence was PCR amplified using human DAGLA cDNA
(SEQ ID NO 1) and DNA oligonucleotides sense DAGLA
[158-598] and antisense DAGLAJ158-598] (SEQ ID NO 17
and 18)and sense DAGLA[583-1042] antisense DAGLA
[583-1042] (SEQ ID NO 19 and 20) respectively. The
amplification products were digested with BsmBI and 1nte-
grated into Ncol Xhol linearized pET24d-N (Exp Dermatol.
2007 Sep.; 16(9):770-7) encoding H8-DAGLA[158-598]
and H8-DAGLA[383-1042] (octa Histidine tag, H8) (SEQ
ID NO 21 and 22 respectively).

Bacterial expression was essentially performed as
described 1n the pET system manual (Merck, Darmstadit,
Germany) employing E. coli strain RosettaBlue(DE3)pLacl

(Merck, Darmstadt, Germany). Protein expression was
induced by the addition of 2 mM 1sopropyl P-D-thiogalac-
toside (IPTG) for 3 hours at 37° C.

Purification:

Bacterial cells were lysed, and proteins were solubilized
in urea buller and purnified by Ni2+-aflinity chromatography
tollowing the protocol as 1n C. Probst, W. Schlumberger, W.
Stocker et al., “Development of ELISA for the specific
determination of autoantibodies against envoplakin and
periplakin 1n paraneoplastic pemphigus,” Clinica Chimica
Acta, vol. 410, no. 1-2, pp. 13-18, 2009. The proteins were
stored 1n aliquots at —80° C. until further use.
Characterization of the Patients’ Autoantibodies

Indirect immunotluorescence assays (IFA) of sera P1 to
P5 using permeabilized cryosections of rat and primate
cerebellum showed granular staining of the molecular layer
(FIG. 1). Further monospecific analyses were conducted

with recombinant HEK293 cells expressing 30 neural
autoantigens: Hu, Yo, Ri, CV2, PNMA2, SOX1, ITPRI,

Homer 3, CARP VIII, ARHGAP26, ZIC4, DNER/Tr,
GAD65, GAD6/7, amphiphysin, recoverin, GABAB recep-
tor, glycine receptor, DPPX, IglLONS5, glutamate receptors
(types NMDA, AMPA, mGluR1, mGluR5, GLURD?2),
LGI1, CASPR2, AQP4 (M1 and M23), MOG, ATP1A3 and
NCDN. No specific reactivity was observed.
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Identification of DAGLA as the Target Neuronal Autoanti-
gen

The immunoprecipitates from homogenized rat cerebel-
lum obtained with P1 to P5 were subjected to Western Blot
analysis. After incubation with the 1dentical serum used for
immunoprecipitation specific reactions of approximately
115 kDa were observed which were absent 1n the immuno-
precipitates of the control sera (FIG. 2, Al). In Coomassie-
stained SDS-PAGE slight bands could be detected at 115
kDa (FIG. 2, A2). Using MALDI-TOF MS, the protein was
identified as DAGLA (UNIPROT acc. # Q5YLMI1). As a
prool for correct antigen identification, immunoprecipitates
were tested by Western blot using antibodies against
DAGLA. The immunoprecipitates of the patients’ sera con-
tained DAGLA as demonstrated by a 115 kDa band (FIG. 2,
A3). Furthermore, the patients’ samples were tested by IFA
using transiected HEK293 cells which expressed DAGLA
(SEQ ID NO 4). Patients’ sera reacted with the DAGLA-

expressing cells (FIG. 2 B1). In contrast, mock-transiected
cell did not demonstrate any specific antibody binding (FIG.
2 B2).

The reaction of the patients’ auto-antibodies on tissue
could be abolished by pre-incubation with HEK293 lysate
containing DAGLA (SEQ ID NO 4) (FIG. 3A). Antibody

binding was unatlected when a comparable fraction from
mock-transfected HEK293 cells was used.

IIFT with rat and primate cerebellum tissue using patient
serum and a specific polyclonal anti-DAGLA antibody
(S1igma-Aldrich, Germany) revealed an exact overlap of the
molecular layer staining (FIG. 3B).

Specificity of Ant1-DAGLA Auto-Antibodies
Sera from 40 patients with various neural auto-antibody-

associated neurological syndromes (3x anti-CASPR2, 5x
antl-NMDAR, 5x anti-LGI1, 5x anti-Hu, 2x anti-Hu/anti-Ri

3x ant1-Ri, 2x anti-Yo/anti-R1, 3x anti-Yo, 3x ant1-AQP4, 5x
anti-GAD65, 2x anti-GABAB receptor), and 51 healthy
controls were analyzed by IFA with HEK293-DAGLA 1n
parallel to the samples of the patients. None of the disease

control or healthy control sera showed a positive reaction
with the HEK293-DAGLA cells.
Immunoassay for the Detection of Autoantibodies with

DAGLA Fragments

Ninety-six-well plates (Nunc, Germany) were coated with
100 ul of the recombinant protein at a concentration of 2,5
ug/ml i PBS for 2 h at 25° C., washed three times with
washing builer (0.05% [wt/vol] Tween 20 1n PBS), and then
blocked with blocking bufler (0.1% [wt/vol] casein in PBS)
for 1 h. The success of antigen immobilization was con-
firmed by incubation with a murine monoclonal anti-hexa-
histidine tag antibody (Sigma-Aldrich, Germany) diluted
1:2,000. Experimental serum samples were diluted 1n
sample butler (1% [wt/vol] casein, 0.05% [wt/vol] Tween 20
in PBS) 1:100 and incubated for 30 min at room tempera-
ture. After washing three times, bound antibodies were
detected by incubation with anti-mouse IgG-HRP conjugate
(Jackson Research, UK) diluted 1:16,000 1n sample butler or
anti-human IgG-POD undiluted (Euroimmun, Germany),
for 30 min, washed as described above, and incubated with
tetramethyl benzidine (TMB) substrate (Euroimmun, Ger-
many) for 15 min. All incubation steps were carried out at
room temperature. The optical density (OD) at 450 nm was
read using an automated spectrophotometer (Tecan, Ger-
many).

Eight patient sera, which showed a positive reaction 1n
RC-IFA with HEK293-DAGLA and 20 healthy control sera
were analyzed by ELISA using six different {fragments of the
human DAGLA protemn (SEQ ID NO 13, 14, 15, 16, 21, 22)
(FIG. 4). None of the patient sera or control sera showed a
positive reaction with the fragments comprising AA 1-22
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(SEQ ID NO 23), 44-60 (SEQ ID NO 24), 81-101 (SEQ ID
NO 25), and 158-589 (SEQ ID NO 27). Seven patient sera

showed a positive reaction with the c-terminal intracellular
fragment AA 583-1042 (SEQ ID NO 28) while all of the

34

control sera were negative. Two patient sera additional
showed a positive reaction with the extracellular fragment
123-136 (SEQ ID NO 26) which was not observed with the

control sera.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 28

<210> SEQ ID NO 1

<211> LENGTH: 3129

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: c¢DNA encoding human DAGLA

<400> SEQUENCE: 1

atgcccggga tegtggtgtt ccggceggcegce tggtcectgtgg gcagtgatga cctcecgtcecta 60
ccagccatct tectetttet cctgcatacce acctggtttg tgatcctgte cgtggtgcectce 120
ttcggecctgg tctataacce gcacgaggcece tgctceccecctga acctggtgga ccacggcecgc 180
ggctacctgg gcatcctgcect gagctgcatg atcgctgaga tggccatcat ctggcetgagc 240
atgcgcgggyg gcatcctceta cacggagcecce cgtgactcecca tgcagtacgt gectctacgtg 300
cgcecctggeca tectggtgat cgagttcatce tacgceccatcecg tgggcatcegt ctggctcact 360
cagtactaca cctcecctgcaa cgacctcact gccaagaatg tcaccctegg aatggttgtce 420
tgcaactggg tagtcatcct cagtgtgtgce atcactgtcce tcectgegtcett cgaccccacg 430
ggccgcacct ttgtcaagcect gagagccacce aagaggaggce agcgtaacct gcecggacctac 540
aacctgcgge accgcttaga ggagggtcaa gccaccagcet ggtcecgegcececg gcectcaaagtg 600
ttcectetget gcacgcecggac gaaggactcece cagtcagatg cctactcaga aatcgcectac 660
ctctttgcgg agttcttcececg ggaccttgac attgtgccat ccgacatcat tgctggcectg 720
gtgctgctce ggcagcggca gcgggccaag cgcaacgcecg tgctggacga ggcaaacaat 780
gacatcttgg ccttectgte tgggatgcecg gtgaccagaa acaccaagta cctcecgacctce 840
aagaattcac aagagatgct ccgctacaaa gaggtctgcet actacatgcet ctttgceccetg 900
gctgcctacg ggtggcecccat gtacctgatg cggaagcecccecg cctgcecggect ctgceccaactg 960
gcteggtect gectegtgttg cectgtgtect gegaggecgce ggttcecgceccece tggagtcacc 1020
atcgaggaag acaactgctg tggctgtaat gccattgcca tceccecggcegcecca cttectggac 1080
gagaacatga ctgcggtgga catcgtctat acctcecctgec atgatgceggt ctatgaaacg 1140
ccecttectacg tggeggtgga ccatgacaag aadaaagtgg tgatcagtat ccgggggacc 1200
ctgtccecca aggatgcect gactgacctg acgggtgatg ctgagcecgcect ccecccecgtggayg 1260
gggcaccacyg gcacctggcet gggccacaag ggtatggtcce tctcagctga gtacatcaag 1320
aagaaactgg agcaggagat ggtcctgtcce caggcecctttg ggcgagacct gggccgcecgga 1380
accaaacact acggcctgat tgtggtgggc cactccecctgg gcecgcgggcac tgctgccatce 1440
ctctceccecttee ttcectgcecgecce acagtatceccecg accctcaagt gectttgecta ctceccecccecgceca 1500
gggggcctgce tgagtgagga tgcaatggag tattccaagg agttcecgtgac tgcectgtggtt 1560
ctgggcaaag acctcecgtccce caggattggce ctcectcectcage tggaaggcectt ccgcagacag 1620
ctcectggatyg tectgcageg aagcaccaag cccaaatggce ggatcatcegt gggggccacce 1680
aaatgcatcce ccaagtcgga gctgcectgag gaggtagagg tgaccaccct ggccagcacg 1740
cggctctgga cccaccceccag cgacctaact atagecctcet cagccagcac tceccactctac 1800
ccgeceggece gcatcatcca cgtggtcecac aaccacccectg cagagcagtg ctgectgcetgt 1860



gagcaggagy
atcatctcgc
aaggtgctgg
gtgagcccta
acgggyggcecgc
agcagcgtca
ctgctgtcgce
tctacccagg
gagagcctct
cgcagcatcc
ttctacattyg
ctggcggcecyg
ggcagtggcg
gaggttggcey
cgcecetggggy
ttcaacctygg
agccccacca
cgtgcccagt
gacccctect
atggacctga
acttctaccc

gcacgctag

agcccacata

cagccatgcet

agaactacaa

ccgaggtgga

ccatgcccac

ggagcaagtc

cagtggttgc

agcggcetggce

cggacactga

ggggctcccc

accctgccat

acagcctgtce

gcgtcactcc

gtggggdtgg

actcgcccag

acagcaagag

gtgactacgc

tcgagcccaa

cgggcatctc

cgcccacggy

ccactggcca

«<210> SEQ ID NO 2
<211> LENGTH: 35

«212> TYPE:

DNA

35

ctttgccatce
gcatgagcac
caaggggaag
cctgactcect
tggccttgcec
ccagtctgag
ggcgyggcggcc
ggcggagcetg
gtccctgtac
cagcctccac
ccccgaggaa
caagcactca
tgagcggcecc
cgggecyggcec
tcctcaggtyg
cagctccttce
tgagggcccc
cctggtgecc

actctcgccc

cctcagtagc

cggagcacagc
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tggggcgaca

ctgccctatyg

accgctcetgc

gagctcatct

ctggagctgc

atgagcctgyg

cgccaggacc

caggcaccggc

agcttcocgact

gctgtgetgg

aacccatccc

caggacacgc

cccagtgcetg

tcceecgcgggy

ctggaattcyg

caagacctct

aagtccccca

AagCCcCcCCac

tCCttCCCgC

caggaatgcc

ccocgcecaagc

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<«223> OTHER INFORMATION:

<400> SEQUENCE: 2

atacgtctca catgcccggg atcgtggtgt tcocgg

<210> SEQ ID NO 3
«211> LENGTH: 39

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence

<220>

FEATURE:
«223> OTHER INFORMATION:

<400> SEQUENCE: 3

atacgtctcce tcgagctage gtgctgagat gaccagctc

«<210> SEQ ID NO 4

<211> LENGTH:
«212> TYPE:

1042
PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: DAGLA as expressed in HEK293

<400> SEQUENCE: 4

-continued

acaaggcctt

tggtcatgga

tctcectgcagce

tccagcagca

cgactgcaga

agggcttctce

cggtggagct

gggcaccact

cgcgeagcetce

agcgtgatga

tgagctcgcg

agcccectgga

cggccaatga

agctggeget

ccgagttceat

actgcatggt

gccagcaaga

ggctctttgc

tcagctcctc

tggcggctga

aagatgagct

caatgaggtyg

ggggctcaac

caaggtcatg

gccactcccc

ccacCcygcaac

gygaggggcygy
gctgctgcetyg
ggccaccatg
ctcaggcttc
aggccacctc
cactgagctyg
ggcggccectyg
cgaggaggaa
gcacaatggg
cgacagcctc
ggtgcccgag
gatcctgctc
cggctcagcec
gggtgagcte
caagatccgyg

ggtcatctca

sense DAGLA primer for amplifying c¢DNA

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3129

35

asense DAGLA-Stop primer for amplifying cDNA

39

36



Met

ASpP

Phe

Glu

ITle

65

Met

Val

Tle

Leu

Val

145

Gly

Leu

Ser

ASp

Phe

225

Val

Glu

ATg

Trp
305

Ala

Pro

Ala

Val

Ala

385

Leu

Leu

Pro

Leu

Val

2la

50

Leu

ATrg

Leu

Val

Thr

130

Ile

Arg

Arg

Trp

Ser

210

Phe

Leu

2la

Agn

Lys

290

Pro

Arg

Gly

Tle

Tvyr
370
Val

Sexr

Pro

Gly

Val

Tle

35

Leu

Gly

Gly

115

Ala

Leu

Thr

Thr

Ser

195

Gln

Leu

Agn

Thr

275

Glu

Met

Ser

Val

Arg

355

Thr

ASP

Pro

Val

Tle

Leu

20

Leu

Ser

Ser

Gly

Val

100

Tle

Ser

Phe

Tyr

180

ATy

Ser

ASP

ATrg

Agn

260

Val

Thr
340

ATy

Ser

His

Glu

Val

Pro

Ser

Leu

Tle
a5

Arg

Vval

AsSn

Val

Vval

165

Asn

AsSp

Leu

Gln
245

AsSp

Leu
Ser
325

Tle

His

Asp

AsSp
405

Gly

Val

Ala

Vval

Asn

Met

70

Leu

Leu

Trp

Val

Cys

150

Leu

Leu

Ala

ASpP

230

ATrg

Tle

Leu

Met
310

Glu

Phe

His

Lys

390

Ala

His

37

Phe

ITle

Val

Leu

55

ITle

Ala

Leu

Thr

135

ITle

Leu

Arg

Tvr
215

Ile

Gln

Leu

Asp

Tvyr

295

Arg

Glu

Leu

AsSp

375

Leu

Hig

ATrg

Phe

Leu

40

Val

Ala

Thr

Ile

Thr

120

Leu

Thr

Arg

His

Val

200

Ser

Val

Arg

Ala

Leu

280

Met

Leu

ASP

ASpP

360

2la

Thr

Gly

ATrg

Leu

25

Phe

ASP

Glu

Glu

Leu

105

Gln

Gly

Val

Ala

ATrg

185

Phe

Glu

Pro

Ala

Phe

265

Leu

Pro

ASn
345

Glu

Val

Val

ASP

Thr

Arg

10

Phe

Gly

His

Met

Pro

50

Val

Met

Leu

Thr

170

Leu

Leu

Tle

Ser

Lys

250

Leu

Agn

Phe

2la

Pro
330

AgSh

Val

Leu
410

Trp

US 10,989,712 B2

Trp

Leu

Leu

Gly

Ala

75

ATrg

Ile

Val
Cys

155

Glu

Ala

ASDP

235

Arg

Ser

Ser

Ala

Cys

315

Ala

Met

Glu

Ile

395

Thr

Leu

-continued

Ser

Leu

Val

AYg

60

ITle

ASpP

Glu

Thr

Val

140

Val

ATYg

Glu

Tvr

220

Ile

AsSn

Gly

Gln

Leu

300

Gly

ATrg

Gly

Thr

Thr
280

Ser

Gly

Gly

Val Gly Ser

His

Tyr

45

Gly

Ile

Ser

Phe

Ser
125

Phe

Arg

Gly

Thr

205

Leu

Ile

Ala

Met

Glu

285

Ala

Leu

Pro

Ala

365

Pro

Ile

Asp

His

Thr
20

Agn

Trp

Met

Ile

110

Agn

ASP

Gln

Gln

190

Arg

Phe

Ala

Val

Pro

270

Met

Ala

Arg
Asn

350

Val

Phe

ATg

Ala

15

Thr

Pro

Leu

Leu

Gln

o5

Agn

Trp

Pro

Arg

175

2la

Thr

2la

Gly

Leu

255

Val

Leu

Gln
Phe
335

2la

ASpP

Gly

Glu
415

Gly

ASDP

Trp

His

Gly

Ser

80

Ala

ASp

Val

Thr

160

Agn

Thr

Glu

Leu

240

ASp

Thr

ATrg

Gly

Leu

320

Ala

Tle

ITle

Val

Thr

400

Arg

Met

38



Val

Leu

Gly

4165

Leu

Ile

Leu

545

Leu

Leu

Val

Pro

625

Tle

Glu

Leu

Thr

Met

705

Ser

Ser

ASP

Glu

ASp

785

ATrg

Glu

Ser

Leu

Ser

450

Leu

Ser

Ser

Glu

Gly

530

Gln

2la

Ser

His

610

Thr

Tle

Gly

Leu

Pro

690

Pro

Ser

Glu

Pro

Leu

770

Thr

Ser

Gly

Leu

Ser

435

Gln

Tle

Phe

Pro

Phe

515

Leu

ATrg

Tle

Ser

Ala

5905

Agn

Ser

Leu

Ser

675

Glu

Thr

Val

Gly

Val
755

Gln

Glu

Tle

Hig

Ser
835

420

Ala

Ala

Val

Leu

Pro

500

Val

Ser

Ser

Pro

Thr

580

Ser

His

Phe

Pro

Agn

660

Ala

Leu

Gly

ATrg

ATg

740

Glu

Ala

Ser

ATg

Leu

820

Ser

Glu

Phe

Val

Leu

485

Gly

Thr

Gln

Thr

Lys

565

Arg

Thr

Pro

Ala

Ala

645

Ala

Tle

Leu

Ser

725

Leu

Leu

ATy

Leu

Gly
805

Phe

Gly

Gly

470

ATrg

Gly

Ala

Leu

Lys

550

Ser

Leu

Pro

Ala

ITle

630

Met

Val

Phe

Ala
710

Leu

Leu

ATg

Tyr

790

Ser

Thr

39

Tle
Arg
455
His
Pro
Leu
Val
Glu
535
Pro
Glu
Trp
Leu
Glu
615
Trp
Leu
Leu
Val
Gln
695
Leu
Ser

Ser

Leu

Ala
775
Ser
Pro

ITle

Glu

Lys

440

ASP

Ser

Gln

Leu

Val

520

Gly

Leu

Thr

Tyr

600

Gln

Gly

His

Glu

Met

680

Gln

Glu

Gln

Pro

Leu
760

Pro

Phe

Ser

ASP

Leu
840

425

Leu

Leu

Ser

505

Leu

Phe

Trp

Pro

Hisg

585

Pro

ASP

Glu

Agn

665

Val

Gln

Leu

Ser

Val

745

Ser

Leu

ASDP

Leu

Pro

825

Leu

Gly

Gly

Pro

490

Glu

Gly

Arg

Arg

Glu

570

Pro

Pro

Agn

His

650

Sexr

Pro

Pro

Glu
730
Val

Thr

ala

Ser

His

810

ala

2la

US 10,989,712 B2

Leu

ATg

Ala

475

Thr

ASD

ATYg

Ile

555

Glu

sSer

Gly

Lys

635

Leu

Agnh

Pro

Leu

Thr

715

Met

Ala

Gln

Thr

Arg

795

Ala

Ile

Ala

-continued

Glu

Gly

460

Gly

Leu

Ala

ASpP

Gln

540

Ile

Val

ASpP

ATYg

Cys

620

Ala

Pro

Thr
Pro
700

Ala

Ser

Ala

Glu

Met

780

ATYg

Val

Pro

ASD

Gln
445
Thr

Thr

Met

Leu

525

Leu

Val

Glu

Leu

Tle

605

Glu

Phe

Gly

Glu

685

Thr

Asp

Leu

Ala

Arg

765

Glu

Ser

Leu

Glu

Ser
845

430

Glu

Lys

Ala

Glu

510

Val

Leu

Gly

Val

Thr

590

Tle

Gln

Agn

Val

Lys

670

Val

Gly

His

Glu

Ala

750

Leu

Ser

Ser

Glu

Glu

830

Leu

Met

His

Ala

Phe

495

Pro

ASP

Ala

Thr

575

Ile

His

Glu

Glu

Val

655

Thr

ASpP

Pro

Arg

Gly

735

Arg

ala

Leu

Gly

Arg

815

Agn

Ser

Val

ITle

480

b2la

Ser

Arg

Val

Thr

560

Thr

2la

Val

Glu

Val

640

Met

2la

Leu

Pro

Agn

720

Phe

Gln

Ala

Ser

Phe
800

ASp

Pro

40



His

Val

865

Glu

Leu

Phe

Ser

ASp

945

ATrg

Ala

Pro

Ser

850

Thr

Val

His

2la

Phe

530

Tyr

2la

Gly

Leu

Gln

Pro

Gly

AgSh

Glu

015

Gln

Ala

Gln

Ser

Ser
o0hL

ASP

Glu

Gly

Gly

900

Phe

ASP

Glu

Phe

Ala

980

Ser

Thr

Gly

885

Arg

Tle

Leu

Gly

Glu
965

Asp

Ser

Gln

Pro

870

Gly

Leu

ASpP

Pro
S50

Pro

Pro

Gly

41

Pro
855
Pro
Gly
Gly
Ser
Cys
035

Asn

Ser

Leu

Ser

Gly

ASpP

Leu

020

Met

Ser

Leu

Glu

Ala

Pro

Ser

905

Phe

Val

Pro

Val

ala

2la

2la

890

Pro

Agn

Val

Ser

Pro
o770

US 10,989,712 B2

Ala

A2la

875

Ser

Ser

Leu

Pro

Gln
OG5

-continued

Leu

860

AsSn

AY(

Pro

ASpP

Glu

540

Gln

Pro

Leu

Gly

Asp

Gly

Gln

Ser

025

Ser

Glu

Pro

Ser

Ser

Glu

Glu

Val

910

Pro

Tle

ATg

Pro

Gly

Glu

Leu

895

Leu

Ser

Thr

Leu

Leu

975

Ser

Gly

Glu

880

2la

Glu

Ser

Ser

Leu

960

Phe

Phe

Ser Gly Ile Ser

985 990

Glu Leu Met Asp Leu Thr Pro
1000 1005

Thr Gly Leu

Ser Ser Thr Ser Thr

1010

Gln Glu Cys Leu Ala
1015

Ala Asp Lys Ile Arg
1020

Pro Thr
1025

Gly His Gly Ala Ser
1030

Pro Ala Lys Gln Asp Glu Leu Val
1035

Tle Serxr
1040

Ala Arg

<210> SEQ ID NO b5

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223>» OTHER INFORMATION:
fragment

sense DAGLA[1-22] primer for cloning DAGLA

<400> SEQUENCE: b5
catgccecggyg ategtggtgt tcecggeggceyg ctggtetgtyg ggcagtgatg acctegtcect 60

accagcctaa tga 73

<210> SEQ ID NO o

<211l> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223>» OTHER INFORMATION:
fragment

asense DAGLA[1-22] primer for c¢loning DAGLA

<400> SEQUENCE: 6
tcgatcatta ggctggtagg acgaggtcat cactgceccac agaccagcegce cgccggaaca 60

ccacgatcce ggyg 73

<210> SEQ ID NO 7

<211> LENGTH: ol

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:
fragment

sense DAGLA[44-60] primer for cloning DAGLA

42
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43

-continued
<400> SEQUENCE: 7
catggtctat aacccgcacg aggcctgcete cctgaacctg gtggaccacg gccgctaatg 60
a 61

<210> SEQ ID NO 8

<211> LENGTH: 61

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> QOTHER INFORMATION: asense DAGLA[44-60] primer for cloning DAGLA
fragment

<400> SEQUENCE: 8
tcgatcatta gcggccecgtgg tcecaccaggt tcagggagca ggcectoegtge gggttataga 60

C 61l

<210> SEQ ID NO 9

<211> LENGTH: 7O

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
223> OTHER INFORMATION: sense DAGLA[81-101] primer for c¢loning DAGLA
fragment

<400> SEQUENCE: 9

catgcgcggg ggcatcctcet acacggagcec ccgtgactcece atgcagtacg tgctcectacgt 60

gcgctaatga 70

<210> SEQ ID NO 10

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: asense DAGLA[81-101] primer for cloning DAGLA
fragment

<400> SEQUENCE: 10
tcgatcatta gcgcacgtag agcacgtact gcatggagtce acggggctcece gtgtagagga 60

tgccceccgcey 70

<210> SEQ ID NO 11

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: sense DAGLA|123-136] primer for cloning DAGLA
fragment

<400> SEQUENCE: 11

catgtacacc tccectgcaacyg acctcactge caagaatgtce accctctaat ga 52

<210> SEQ ID NO 12

<211> LENGTH: b2

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: asense DAGLA|123-136| primer for cloning DAGLA

fragment
<400> SEQUENCE: 12

tcgatcatta gagggtgaca ttcecttggcag tgaggtcgtt gcaggaggtg ta 52

<210> SEQ ID NO 13

44



<211>
<212 >
<213>
220>
<223 >

<400>

LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: H8-GST-DAGLA[1-22]

PRT

SEQUENCE :

Met Ser Hisgs His

1

ASp
Leu
65

Ile

ASpP

145

Pro

Pro

Ile

Tle

Hig

225

Ile

Leu

<210>
<211>
<212>
<213>
<220>
<223>

Trp

Leu

Lys

50

Pro

Ile

Glu

Val
120

Arg

ASpP

Met

Glu

Ala

210

Pro

Val

Pro

Lys
Glu
35

Trp

ATrg

ATrg

Gly

115

ASP

Leu

Phe

Ala

195

Trp

Pro

Val

Ala

Tle
20
Glu

ATrg

Ala
100
Val

Phe

Met

Leu
180

Ile

Pro

Phe

PRT

<400> SEQUENCE:

259

13

AsSn

Ile

Ile

85

Glu

Ser

Leu

His

Leu

165

AsSp

Pro

Leu

Leu

Arg
245

SEQ ID NO 14
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: H8-GST-DAGLA[44-60]

255

14

His

Gly

ASpP

70

Ala

Tle

ATg

Ser

Lys

150

Ala

Gln

Gln

Glu

230

ATg

Met Ser Hig Hig Hig His

1

5

Tyr Trp Lys Ile Lys Gly

20

Tyr Leu Glu Glu Lys Tvr

35

Asp Lys Trp Arg Asn Lys

50

45

His

Leu

Glu

Lys

55

Gly

Asp

Ser

ITle

Lys

135

Thr

Asp

Phe

Ile

Gly

215

Val

Arg

Hisg

Leu

Glu

Lys
55

His

Val

Glu

40

Phe

ASP

Met
2la
120

Leu

Ala

Pro

ASP

200

Trp

Leu

Trp

His

Val

Glu
40

Phe

His

Gln

25

Hig

Glu

Val

Hisg

Leu

105

Pro

Leu

Leu

Lys

185

Gln

Phe

Ser

His

Gln
25

Hig

Glu

His
10
Pro

Leu

Leu

Agn

50

Glu

Ser

Glu

Agn

ASpP

170

Leu

Ala

Gln

Val
250

His

10

Pro

Leu

Leu

US 10,989,712 B2

Met

Thr

Tyr

Gly

Leu

75

Met

Gly

Met

Gly

155

Val

Val

Leu

Thr

Gly

235

Gly

Met

Thr

Gly

-continued

Ser

ATYg

Glu

Leu

60

Thr

Leu

Ala

ASpP

Leu

140

ASpP

Val

Phe
220

Pro

Ser

Ser

ATYg

Glu

Leu
60

Pro

Leu

Arg

45

Glu

Gln

Gly

Vval

Phe

125

His

Leu

Phe

Ser

205

Gly

Ala

Asp

Pro

Leu

Arg

45

Glu

Tle

Leu

30

ASP

Phe

Ser

Gly

Leu

110

Glu

Met

Val

Lys

120

Ser

Gly

Met

ASP

Tle

Leu
30

ASP

Phe

Leu
15

Leu

Glu

Pro

Met

Cys

55

ASP

Thr

Phe

Thr

Met
175

Gly

Pro

Leu
255

Leu
15

Leu

Glu

Pro

Gly

Glu

Gly

Agn

2la

80

Pro

Tle

Leu

Glu

His

160

ASpP

Arg

ASp

Gly
240

Val

Gly

Glu

Gly

Agn



Leu
65

Tle

ASpP
145

Pro

Pro

Ile

Tle

Hig

225

ASh

<210>
<211>
<212 >
<213>
220>
<223 >

<400>

Pro

Tle

Glu

Val

130

Arg

ASp

Met

Glu

2la

210

Pro

Pro

Arg

ATrg

Gly

115

ASP

Leu

Phe

Ala
195
Trp

Pro

His

Ala
100
Val

Phe

Met

Leu
180

Ile

Pro

Glu

PRT

SEQUENCE :

Met Ser Hisgs His

1

ASp

Leu
65

ITle

ASP
145

Pro

Trp

Leu

Lys

50

Pro

Ile

Glu

Val
120

ATy

ASp

Lys

Glu
35

Trp

ATg

ATg

Gly

115

ASP

Leu

Phe

Tle
20

Glu

ATrg

Ala
100

Val

Phe

Met

Ile

Tle

85

Glu

Ser

Leu

His

Leu

165

Asp

Pro

Leu

Leu

Ala
245

SEQ ID NO 15
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: H8-GST-DAGLA[S81-101]

258

15

Asn

Tle

Ile
85

Glu

Ser

Leu

Hig

Leu
165

ASP

70

Ala

ITle

ATrg

Ser

Lys

150

Ala

Gln

Gln

Glu
230

His

Gly

ASpP
70

Ala

ITle

ATrg

Ser

Lys
150

47

Gly
Asp
Ser
ITle
Lys
135
Thr
Asp
Phe
Tle
Gly
215

Val

Ser

His
Leu
Glu
Lys
55

Gly
Asp
Ser

Tle

Lys
135

Thr

Asp

ASP

Met
Ala
120

Leu

Ala

Pro

ASP

200

Trp

Leu

Leu

His

Val

Glu
40

Phe

ASP

Met

Ala

120

Leu

Ala

Val

His

Leu
105

Pro

Leu

Leu

Lys

185

Gln

Phe

AgSh

His

Gln

25

His

Glu

Val

Hig

Leu

105

Pro

Leu

Leu

Agn

50

Glu

Sexr

Glu

Agn

ASp

170

Leu

2la

Gln

Leu
250

His
10
Pro

Leu

Leu

Agn
S0

Glu

Ser

Glu

Agn

ASp
170
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Leu
75

Met

Gly

Met

Gly

155

Val

Val

Leu

Thr

Gly

235

Val

Met

Thr

Gly
Leu
75

Met

Gly

Met

Gly
155

Val

-continued

Thr

Leu

Ala

ASDP

Leu

140

ASpP

Val

Phe
220

Pro

ASDP

Ser

AYg

Glu

Leu
60
Thr

Leu

Ala

ASD

Leu
140

ASP

Val

Gln

Gly

Val

Phe

125

His

Leu

Phe

Ser

205

Gly

Ala

His

Pro

Leu

Arg

45

Glu

Gln

Gly

Val

Phe
125

Hig

Leu

Ser

Gly

Leu

110

Glu

Met

Val

Lys

120

Ser

Gly

Met

Gly

Tle

Leu

30

ASP

Phe

Ser

Gly

Leu
110
Glu

Met

Val

Met

Cys

o5

ASP

Thr

Phe

Thr

Met
175

Gly

Val

Arg
255

Leu
15
Leu

Glu

Pro

Met

Cys

55

ASP

Thr

Phe

Thr

Met
175

Ala

80

Pro

Ile

Leu

Glu

His

160

ASp

ASDP

Tyr
240

Gly

Glu

Gly

Agn

b2la

80

Pro

Ile

Leu

Glu

Hig

160

ASp

48



Pro

Tle

Ile

His

225

Gly

Val

<210>
<211>
<212 >
<213>
<220>
<223 >

Met

Glu

2la

210

Pro

Tle

Arg

Ala
195

Trp

Pro

Leu

Leu
180

Tle

Pro

PRT

<400> SEQUENCE:

Met Ser His His

1

ASpP

Leu
65

Tle

ASP
145

Pro

Pro

ITle

Tle

Hig

225

Ser

Trp

Leu

Lys

50

Pro

Tle

Glu

Val
120

Arg

ASp

Met

Glu

2la
210

Pro

Lys
Glu
35

Trp

Arg

ATrg

Gly

115

ASP

Leu

Phe

Ala
195
Trp

Pro

Agn

Ile
20
Glu

ATg

Ala
100

Val

Phe

Met

Leu
180

Ile

Pro

ASP

Asp

Pro

Leu

Leu

Thr
245

SEQ ID NO 1o
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: H8-GST-DAGLA[123-136]

252

16

AsSn

Ile

Tle

85

Glu

Ser

Leu

His

Leu

165

AsSp

Pro

Leu

Leu

Leu
245

<210> SEQ ID NO 17

<«211> LENGTH:

41

Ala

Gln

Gln

Glu

230

Glu

His

Gly

ASP

70

Ala

Tle

ATrg

Ser

Lys

150

Ala

Gln

Gln

Glu

230

Thr

49

Phe

Tle

Gly

215

Val

Pro

Hig

Leu

Glu

Lys

55

Gly

Asp

Ser

Tle

Lys

135

Thr

Asp

Phe

Ile
Gly
215

Val

Ala

Pro

ASDP

200

Trp

Leu

ATrg

His

Val

Glu

40

Phe

ASP

Met
Ala
120

Leu

Ala

Pro

ASP
200

Trp

Leu

Lys
185

Gln

Phe

ASP

His

Gln

25

His

Glu

Val

His

Leu

105

Pro

Leu

Leu

Lys

185

Gln

Phe

Agn

Leu

2la

Gln

Ser
250

His
10
Pro

Leu

Leu

Agn

90

Glu

Sexr

Glu

Agn

ASp

170

Leu

2la

Gln

Val
250

US 10,989,712 B2

Val

Leu

Thr

Gly

235

Met

Met

Thr

Gly
Leu
75

Met

Gly

Met

Gly

155

Val

Val

Leu

Thr

Gly
235

Thr

-continued

Phe
220

Pro

Gln

Ser

AY(

Glu

Leu

60

Thr

Leu

Ala

ASDP

Leu

140

ASDP

Val

Phe
220

Pro

Leu

Phe
Ser
205

Gly

Ala

Pro

Leu

Arg

45

Glu

Gln

Gly

Val

Phe

125

His

Leu

Phe

Ser
205

Gly

Ala

Lys

120

Ser

Gly

Met

Val

Tle

Leu

30

ASP

Phe

Ser

Gly

Leu

110

Glu

Met

Val

Lys
190

Ser

Gly

Met

Gly

Arg

Leu
255

Leu

15

Leu

Glu

Pro

Met

Cys

o5

ASpP

Thr

Phe

Thr

Met
175

Arg

ASpP

Gly
240

Gly

Glu

Gly

Agn

Ala

80

Pro

Tle

Leu

Glu

His

160

ASp

Arg

ASp

Thr
240

50



<«212> TYPE: DNA

51

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

«223> OTHER INFORMATION:

<400> SEQUENCE:

17

US 10,989,712 B2

-continued

sense DAGLA[158-598]

atacgtctcg catggacccce acgggccgca cctttgtcaa g

<210>
<211>
<212>
<213>
<220>
<223 >

<400> SEQUENCE:

16

SEQ ID NO 18
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

18

asense DAGLA[158-598]

tatcgtctceg tcgatcatta tggagtgctg gectgagaggg ctatag

<210>
<211>
<212 >
<213>
<220>
<223>

<400>

SEQUENCE :

43

SEQ ID NO 19
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

19

sense DAGLA[583-1042]

atacgtctcg catgtggacc caccccagceg acctaactat agc

<210>
<211>
<«212>
<213>
<220>
<223 >

<400> SEQUENCE:

477

SEQ ID NO 20
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

20

asense DAGLA[583-1042]

tatcgtctcecg tcgatcatta gecgtgctgag atgaccagcet catcttg

<210>
<211>
«212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Met Ser His His

1

ATrg

ATrg

Trp

Ser
65

Phe

Leu

Ala

Thr

Thr

Ser

50

Gln

Arg

Leu

Agn

Phe

Tyr

35

ATg

Ser

ASP

ATg

Agn
115

Val
20

Agn

ATJg

ASDP

Leu

Gln

100

ASDP

SEQ ID NO 21
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: H8-DAGLA[158-598]

453

21

Leu

Leu

2la

AsSp
85

ATy

Tle

His

Leu

ATrg

Tle

Gln

Leu

His

Arg

Hig

Val
55

Ser

Val

Arg

bAla

His

Ala

ATrg
40

Phe

Glu

Pro

Ala

Phe
120

His
Thr
25

Leu

Leu

Tle

Ser

Lys

105

Leu

His
10

Glu

2la

ASp

50

Arg

Ser

Ser

Arg

Glu

ITle

Agnh

Gly

Met

ATrg

Gly

Thr

60

Leu

Tle

Ala

Met

Asp

Gln

Gln
45

Arg

Phe

Ala

Val

Pro
125

Pro
Arg
30

Ala

Thr

Ala

Gly

Leu

110

Val

Thr
15

AgSh

Thr

Glu

Leu
o5

ASP

Thr

Gly

Leu

Ser

ASpP

Phe
80

Val

Glu

41

46

43

477

52



Agn

Lys

145

Pro

ATrg

Gly

Tle

Tvr

225

Val

Ser

Pro

Leu

Ser

305

Leu

Ser

Ser

Glu

Gly

385

Gln

Ala

Ser

<210>
<211>
<«212>
<213>
<«220>
<223 >

<400>

Thr

130

Glu

Met

Ser

Val

ATrg

210

Thr

ASp

Pro

Val

Ser

290

Gln

Tle

Phe

Pro

Phe

370

Leu

ATy

Tle

Ser

Ala
450

Val

Thr
195
ATrg

Ser

His

Glu

275

Ala

Ala

Val

Leu

Pro

355

Val

Ser

Ser

Pro

Thr

435

Ser

Leu
Ser
180

Ile

His

ASDP

ASP

260

Gly

Glu

Phe

Val

Leu

340

Gly

Thr

Gln

Thr

Lys

420

ATg

Thr

PRT

SEQUENCE :

Leu

Met

165

Glu

Phe

His

Lys

245

2la

Hig

Gly

Gly

325

Gly

2la

Leu

Lys

405

Ser

Leu

Pro

SEQ ID NO 22
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: H8-DAGLA|583-1042]

4°72

22

ASpP
Tyr
150

ATrg

Glu

Leu

ASP

230

Leu

Hig

Tle

ATg

310

His

Pro

Leu

Vval

Glu

390

Pro

Glu

Trp

53

Leu
135

Met

Leu
Asp
AsSp

215

Ala

Thr
Gly
Lys
295
Asp
Ser
Gln

Leu

Val
375

Gly

Leu

Thr

Leu

Pro

Agn

200

Glu

Val

Val

ASP

Thr

280

Leu

Leu

Ser

360

Leu

Phe

Trp

Pro

His
4400

Agn

Phe

Ala

Pro

185

ASn

Val
Leu
265

Trp

Gly

Gly

Pro

345

Glu

Gly

ATrg

ATg

Glu

425

Pro

Ser

2la

Cys

170

2la

Met

Glu

Tle

250

Thr

Leu

Leu

Arg

Ala

330

Thr

ASpP

Arg

Ile
4710

Glu

Ser

US 10,989,712 B2

Gln

Leu

155

Gly

ATYg

Gly

Thr

Thr

235

Ser

Gly

Gly

Glu

Gly

315

Gly

Leu

Ala

ASp

Gln

395

Ile

Val

ASpP

-continued

Glu Met Leu Arg

140

Ala

Leu

Pro

Ala

220

Pro

Tle

ASpP

His

Gln

300

Thr

Thr

Met

Leu

380

Leu

Val

Glu

Leu

Ala

Arg

Asn

205

Vval

Phe

Arg

Ala

Lys

285

Glu

Ala

Cys

Glu

365

val

Leu

Gly

val

Thr
445

Tyr

Gln

Phe

190

Ala

ASP

Gly

Glu

270

Gly

Met

His

Ala

Phe

350

Pro

ASP

Ala

Thr

430

Tle

Gly

Leu

175

2la

Ile

Tle

Val

Thr

255

Arg

Met

Val

Tle

335

2la

Ser

Arg

Val

Thr

415

Thr

2la

Trp

160

Ala

Pro

Ala

Val

Ala

240

Leu

Leu

Val

Leu

Gly

320

Leu

Tle

Leu
400

Leu

Leu

Met Ser His His His His His His His His Ser Met Trp Thr His Pro

1

5

10

15

Ser Asp Leu Thr Ile Ala Leu Ser Ala Ser Thr Pro Leu Tyr Pro Pro

20

25

30

54



Gly

Lys

65

Leu

AsSn

Pro

Leu

Thr

145

Met

Ala

Gln

Thr

ATrg

225

Ala

Ile

Ala

Ala

Ala

305

Ser

Ser

Leu

Pro

Gln

385

Ser

Leu

Tle

Arg
Cys
50

2la

Pro

Thr

Pro

130

2la

Ser

2la

Glu

Met

210

Arg

Val

Pro

ASp

Leu

290

Agn

Arg

Pro

ASp

Glu
370

Gln

Pro

Leu

Thr

ATrg

Tle
35
Glu

Phe

Gly

Glu

115

Thr

ASP

Leu

Ala

Arg

195

Glu

Ser

Leu

Glu

Ser

275

Gly

ASP

Gly

Gln

Ser

355

Ser

Glu

Pro

Ser

Pro

435

Thr

Tle

Gln

Agn

Val

Lys

100

Val

Gly

His

Glu

Ala

180

Leu

Ser

Ser

Glu

Glu

260

Leu

Ser

Glu

Glu

Val

340

Pro

Tle

ATrg

Pro

420

Thr

Ser

His

Glu

Glu

Val

85

Thr

AsSp

Pro

Gly

165

ATy

2la

Leu

Gly

Arg

245

Asn

Ser

Gly

Glu

Leu

325

Leu

Ser

Thr

Leu

Leu

405

Ser

Gly

Thr

Val

Glu

Vval

70

Met

Ala

Leu

Pro

Agn

150

Phe

Gln

Ala

Ser

Phe

230

ASpP

Pro

Gly

Glu

310

Ala

Glu

Ser

Ser

Leu

390

Phe

Phe

Leu

Pro

3

Val

Pro

55

Tle

Glu

Leu

Thr

Met

135

Ser

Ser

Asp

Glu

Asp

215

Arg

Glu

Ser

Hisg

Val

295

Glu

Leu

Phe

Ser

AsSp

375

Arg

Ala

Pro

Ser

Thr

His

40

Thr

Tle

Gly

Leu

Pro

120

Pro

Ser

Glu

Pro

Leu

200

Thr

Ser

Gly

Leu

Ser

280

Thr

Val

His

Ala

Phe
260

Ala

Gly

Leu

Ser

440

Gly

Agn

Ser

Leu

Ser

105

Glu

Thr

Val

Gly

Val

185

Gln

Glu

Tle

His

Ser

265

Gln

Pro

Gly

Agn

Glu

345

Gln

Ala

Gln

Ser

Ser

425

Gln

His

His

Phe

Pro

Agn

S0

ala

Leu

Gly

Arg
170
Glu

2la

Ser

Leu

250

Ser

ASp

Glu

Gly

Gly

330

Phe

ASp

Glu

Phe

2la

410

Ser

Glu

Gly

US 10,989,712 B2

Pro

Ala

A2la

75

Ala

ITle

Leu

Ser

155

Leu

Leu

Arg

Leu

Gly

235

Phe

ATYg

Thr

ATrg

Gly

315

Arg

ITle

Leu

Gly

Glu
395

ASpP

Ser

Ala

-continued

Ala
ITle
60

Met

Val

Phe

Ala

140

Leu

Leu

ATYg

Tvyr

220

Ser

Thr

Gln

Pro

300

Gly

Leu

ASpP

Pro
280

Pro

Pro

Gly

Leu

Ser

Glu Gln Cys

45

Trp

Leu

Leu

Val

Gln

125

Leu

Ser

Ser

Leu

Ala

205

Ser

Pro

Tle

Glu

Pro

285

Pro

Gly

Gly

Ser

Cys

365

Agh

Ser

Glu

Ala

445

Pro

Gly

His

Glu

Met

110

Gln

Glu

Gln

Pro

Leu

120

Pro

Phe

Ser

ASP

Leu

270

Leu

Ser

Gly

ASP

Leu

350

Met

Ser

Leu

Ser

Leu

430

Ala

Ala

ASP

Glu

Agn

S5

Val

Gln

Leu

Ser

Val

175

Ser

Leu

ASP

Leu

Pro

255

Leu

Glu

2la

Pro

Ser

335

Phe

Val

Pro

Val
Gly
415

Met

ASpP

Agn

His

80

Ser

Pro

Pro

Glu

160

Val

Thr

Ala

Ser

His

240

Ala

2la

Ala

b2la

Ala

320

Pro

Agn

Val

Ser

Pro

400

Tle

ASpP

Gln

56



US 10,989,712 B2
S7

-continued

450 455 460

Asp Glu Leu Val Ile Ser Ala Arg
465 470

<210> SEQ ID NO 23

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: H8-GST-DAGLA|1-22]

<400> SEQUENCE: 23

Met Pro Gly Ile Val Val Phe Arg Arg Arg Trp Ser Val Gly Ser Asp
1 5 10 15

Asp Leu Val Leu Pro Ala
20

<210> SEQ ID NO 24

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: H8-GST-DAGLA[44-60]

<400> SEQUENCE: 24

Val Tyr Asn Pro His Glu Ala Cys Ser Leu Asn Leu Val Asp His Gly
1 5 10 15

ATrg

<210> SEQ ID NO 25

<211> LENGTH: 21

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: H8-GST-DAGLA|81-101]

<400> SEQUENCE: 25

Met Arg Gly Gly Ile Leu Tyr Thr Glu Pro Arg Asp Ser Met Gln Tyr
1 5 10 15

Val Leu Tyr Val Arg
20

<210> SEQ ID NO 26

<211l> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: H8-GST-DAGLA[123-136]|, reactive with patient

sela
<400> SEQUENCE: 26

Tyr Thr Ser Cys Asn Asp Leu Thr Ala Lys Asn Val Thr Leu
1 5 10

<210> SEQ ID NO 27

<211l> LENGTH: 441

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: DAGLA[158-598]

<400> SEQUENCE: 27

Thr Gly Arg Thr Phe Val Lys Leu Arg Ala Thr Lys Arg Arg Gln Arg
1 5 10 15

58



Agn

Thr

Glu

65

Leu

ASp

Thr

Arg

Gly

145

Leu

Ala

Ile

Tle

Val

225

Thr

Arg

Met

Val

Tyr

305

Tle

Ala

Ser

ATrg

Val

385

Thr

Thr

Ala

Leu

Ser

ASp

50

Phe

Val

Glu

ATrg

Tyr

130

Trp

2la

Pro

2la

Val

210

2la

Leu

Leu

Val

Leu

290

Gly

Leu

Tle
370

Leu

Leu

Leu

Arg

Trp

35

Ser

Phe

Leu

Ala

Agn

115

Pro

ATrg

Gly

Ile

195

Val

Ser

Pro

Leu

275

Ser

Leu

Ser

Ser

Glu
355

Gly

Gln

Ala

Ser

Thr
20

Ser

Gln

ATg

Leu

Agn

100

Thr

Glu

Met

Ser

Val

180

ATg

Thr

ASDP

Pro

Val

260

Ser

Gln

Tle

Phe

Pro

340

Phe

Leu

ATrg

Ile

Ser

420

Ala

Arg

Ser

Asp

Vval

Cys

165

Thr

Arg

Ser

His

Lys

245

Glu

2la

Ala

Vval

Leu

325

Pro

Vval

Ser

Ser

Pro

405

Thr

Ser

Agn

ATg

ASpP

Leu

70

Gln

ASpP

Leu
150
Ser

Tle

His

ASpP

230

ASpP

Gly

Glu

Phe

Vval

310

Leu

Gly

Thr

Gln

Thr

390

ATrg

Thr

59

Leu

Leu

Ala

55

Asp

Arg

Tle

Leu

Tvr

135

Met

Glu

Phe

His
215

Ala

Hisg

Gly

295

Gly

Arg

Gly

Ala

Leu

375

Ser

Leu

Pro

ATrg

Lys

40

Ile

Gln

Leu

ASP
120

Glu
Leu
200

ASpP

Leu

His

Tle

280

ATy

His

Pro

Leu

Val
360

Glu

Pro

Glu

Trp

Pro

His
25
Val

Ser

Val

Ala
105

Leu

Met

Leu
ASDP
185

ASP

Ala

Thr

Gly

265

ASP

Ser

Gln

Leu

345

Val

Gly

Leu

Thr
425

ASDP

Arg

Phe

Glu

Pro

ala

50

Phe

Leu

Pro

Cys

170

Agn

Glu

Val

Val

ASpP

250

Thr

Leu

Leu

Tyr

330

Sexr

Leu

Phe

Trp

Pro

410

His

US 10,989,712 B2

Leu

Leu

ITle

Ser

75

Leu

Asn

Phe

Ala

155

Pro

Agnh

Val
235

Leu

Trp

Gly
Gly
315

Pro

Glu

Gly

Arg

ATrg

395

Glu

Pro

-continued

Glu Glu Gly Gln

Cys

Ala

60

ASDP

ATy

Ser

Ser

Ala

140

Ala

Met

Glu

220

Tle

Thr

Leu

Leu

ATYJ

300

Ala

Thr

ASDP

ATrg

380

Tle

Glu

Ser

Cys

45

Tyr

Ile

Asn

Gly

Gln

125

Leu

Gly

Arg

Gly

Thr

205

Thr

Ser

Gly

Gly

Glu

285

Gly

Gly

Leu

Ala

Asp

365

Gln

Tle

Val

Asp

30

Thr

Leu

Ile

Ala

Met

110

Glu

Ala

Leu

Pro

Cys

120

Ala

Pro

Tle

ASP

His

270

Gln

Thr

Thr

Met
350

Leu

Leu

Val

Glu

Leu
430

Arg

Phe

2la

Val

55

Pro

Met

2la

ATy
175

Agn

Val

Phe

Arg

2la
255

Glu

Ala
Cys
335

Glu

Val

Leu

Gly

Val

415

Thr

2la

Thr

Ala

Gly

80

Leu

Val

Leu

Gln
160
Phe

Ala

ASpP

Gly

240

Glu

Gly

Met

Hig

Ala

320

Phe

Pro

ASp

Ala
400

Thr

ITle

60



<210>
<«211>
<212>
<213>
«220>
<223 >

435

PRT

<400> SEQUENCE:

Trp Thr His Pro

1

Leu

Glu

Trp

Leu

65

Leu

Val

Gln

Leu

Ser

145

Ser

Leu

Ala

Ser

Pro

225

Tle

Glu

Pro

Pro

Gly
305

Gly

Ser

Tvyr

Gln

Gly

50

His

Glu

Met

Gln

Glu

130

Gln

Pro

Leu

Pro

Phe

210

Ser

ASpP

Leu

Leu

Sexr

290

Gly

ASpP

Leu

Met

Pro

Cys

35

ASP

Glu

Agn

Val

Gln

115

Leu

Ser

Val

Ser

Leu

195

ASP

Leu

Pro

Leu

Glu
275

Ala

Pro

Ser

Phe

Val

Pro

20

Agn

His

Ser

100

Pro

Pro

Glu

Val

Thr

180

Ala

Ser

His

Ala

Ala

260

Ala

Ala

Ala

Pro

Agnh

340

Val

SEQ ID NO 28
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: DAGLA|583-1042],

460

28

Ser
5

Gly

Leu

Asn

85

Pro

Leu

Thr

Met

Ala

165

Gln

Thr

ATy

2la

Tle

245

Ala

Ala

Ala

Ser

Ser

325

Leu

Pro

ASP

ATrg

Ala

Pro

70

Thr

Pro

Ala

Ser

150

Ala

Glu

Met

ATg

Vval

230

Pro

ASP

Leu

ASh

ATrg

310

Pro

ASP

Glu

61

Leu
Tle
Glu
Phe
55

Gly
Glu
Thr
Asp
135
Leu
Ala
Arg
Glu
Ser
215
Leu
Glu
Ser

Gly

Asp
295
Gly
Gln

Ser

Ser

440

Thr

Tle

Gln

40

Agn

Val

Val

Gly

120

His

Glu

2la

Leu

Ser

200

Ser

Glu

Glu

Leu

Ser
280

Glu

Glu

Val

Pro

Ile

His

25

Glu

Glu

Val

Thr

ASDP

105

Pro

Ala
185

Leu

Gly

Agn

Ser
265

Gly

Glu

Leu

Leu

Ser

345

Thr

ala

10

Val

Glu

Val

Met

2la

50

Leu

Pro

AgSh

Phe

Gln

170

2la

Ser

Phe

ASp

Pro

250

Gly

Glu

2la

Glu
330

Sexr

Ser
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Leu

Val

Pro

Tle

Glu

75

Leu

Thr

Met

Ser

Ser

155

ASDP

Glu

ASpP

AYg

Glu

235

Ser

His

Val

Glu

Leu

315

Phe

Ser

ASpP

-continued

Ser

Hig

Thr

Tle

60

Gly

Leu

Pro

Pro

Ser

140

Glu

Pro

Leu

Thr

Ser

220

Gly

Leu

Ser

Thr

Val
200

Hig

Ala

Phe

Ala

ASn

Tvr

45

Ser

Leu

Ser

Glu

Thr

125

Val

Gly

Val

Gln

Glu

205

Ile

His

Ser

Gln

Pro
285

Gly

ASn

Glu

Gln

Ala

Ser

His

30

Phe

Pro

Agn

Ala

Leu

110

Gly

Arg

ATrg

Glu

Ala

120

Ser

ATg

Leu

Ser

ASP

270

Glu

Gly

Gly

Phe

ASP

350

Glu

Thr
15

Pro

ala

2la

2la

55

Tle

Leu

Ser

Leu

Leu

175

Arg

Leu

Gly

Phe

Arg

255

Thr

Arg

Gly

Arg

Ile
335

Leu

Gly

Pro

Ala

Ile

Met

Val

80

Phe

2la

Leu
160

Leu

Arg

Ser

Tyr

240

Thr

Gln

Pro

Gly

Leu

320

ASpP

Pro

62



Asn

385

Ser

Glu

Ala

Pro

Ser

370

Leu

Sexr

Leu

ala

2la
450

355

Pro

Val

Gly

Met

ASP
435

Ser

Pro

Tle

ASP

420

Gln

Gln

Ser
405

Leu

Ile

AsSp

Gln

Pro

390

Leu

Thr

ATy

Glu

63

Glu
375
Pro
Ser
Pro

Thr

Leu
455

360

Tle

ATy

Pro

Thr

Ser

440

Val

Leu

Leu

Ser

Gly

425

Thr

Tle

Leu

Phe

Phe

410

Leu

Pro

Ser
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Arg

Ala

395

Pro

Ser

Thr

Ala

-continued

Ala

380

Gly

Leu

Ser

Gly

AYg
460

365

Gln

Ser

Ser

Gln

Hig
44545

The 1nvention claimed 1s:
1. A method, comprising:
contacting a patient sample to a peptide comprising
(1) diacylglycerol lipase alpha (DAGLA) according to
the amino acid sequence of SEQ ID NO: 4,
(1) the amino acid sequence according to SEQ ID NO:

26 or SEQ ID NO: 28, or
(111) a vanant of DAGLA having at least 95% identity

to the amino acid sequence of SEQ ID NO: 4,
wherein the variations occur in the amino acid
sequence according to SEQ ID NO: 23, SEQ ID NO:
24, SEQ ID NO: 25, or SEQ ID NO: 27,
wherein the peptide comprising DAGLA, the amino acid
sequence according to SEQ ID NO: 26 or SEQ ID NO:
28, or the variant of DAGLA 1s immobilized on a solid
support, and
detecting, 1n a sample from the patient, an autoantibody
binding to DAGLA, the amino acid sequence according,
to SEQ ID NO: 26 or SEQ ID NO: 28, or the variant
of DAGLA.

Phe

Ala

Ser

Glu
430

Gly

20

25

30

35

Glu

ASP

Ser
415

ala

Pro

Pro

400

Gly

Leu

Ser

64

2. A method, comprising:
detecting the autoantibody to DAGLA according to claim
1.

3. The method according to claim 1, wherein the patient
has or 1s suspected of having a disease selected from the
group consisting of paraneoplastic neurological syndrome,
cerebellitis, epilepsy, sclerosis and a tumor.

4. The method according to claim 1, wherein the sample
1s a bodily fluid comprising antibodies.

5. The method according to claim 1, wherein the autoan-
tibody 1s detected using at least one technique selected from
the group consisting of immunodifiusion techniques, immu-
noelectrophoretic techniques, light scattering immunoas-
says, agglutination techniques, labeled immunoassays
chemiluminescence i1mmunoassays, and i1mmunotluores-
cence.

6. The method according to claim 1, wherein the DAGLA
peptide or the variant thereof comprises at least 98% 1dentity
to SEQ ID NO: 1.
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